Arma 


Navigating with cross-staff and primitive 
compass, Prince Henry's Portuguese pi- 
lots took more than 80 years to find a 
route around Africa and reach India. The 
Spaniards took another 20 years to cross 
the Atlanticandreachthe shoresof Florida. 


Today, missile-borne inertial guidance 
can navigate such distances in a matter 
of minutes and pin-point targets nearly 
half-way around the world. Other advan- 
tages of inertial navigation are immunity 


navigates new routes 


to outside interference, all-weather capa- 
bility, salvo firing, and a minimum of 
ground equipment. 


Arma, designer of America’s first iner- 
tial guidance of intercontinental range 
accuracy, has these systems in full pro- 
duction with on-schedule deliveries. Al- 
though specified for the Atlas missile, the 
Arma system is equally adaptable to other 


AMERICAN BOSCH ARMA CORPORATION 


aerospace programs and space explore 
tion projects. 


At Arma, research programs currently alt 
exploring smaller, supersensitive devices 
for future generations of missile and space 
guidance systems. Arma, a division of 
American Bosch Arma Corporation, Gat- 
den City, New York.... The future is ou! 
business. 
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THERE IS SOMETH), 


Wes, there is something new under the sun. Science is proving 
Mis every day. With new discoveries. New explorations. 
New concepts. 

Nowhere is this more evident than in the field of technology. 
for example: On the drawing boards of Lockheed Scientists 
and Engineers, new designs are constantly being born— 
designs in Spacecraft and Aircraft that will reinforce and 
enlarge our growing knowledge of Outer Space. 

These new designs are rapidly developing. And their num- 
ber is rapidly increasing. The pace is fast. Yet it needs to 
become faster. To keep pace, Lockheed needs more Scientists, 
more Engineers. Result? The future for Lockheed was never 
more promising—the opportunities never greater. 

Lockheed feels that trained men will do well to examine 
thoughtfully the Company's current openings. Notable among 


these are: Aerodynamics engineers; thermodynamics engi- 
neers; dynamics engineers; electronic research engineers; 
servosystem engineers; electronic systems engineers; physi- 
cists (theoretical, infrared, plasma, high energy, solid state, 
optics); hydrodynamicists; ocean systems scientists; physio- 
psychological research specialists; electrical-electronic design 
engineers; stress engineers; and instrumentation engineers. 


Scientists and Engineers: To learn more about the oppor- 
tunities at Lockheed, write Mr. E. W. Des Lauriers, Manager 
Professional Placement Staff, Dept. 2606, 2415 No. Hollywood 
Way, Burbank, California. All qualified applicants will receive 
consideration for employment without regard to race, creed, 
color, or national origin. U.S. citizenship or existing Department 
of Defense industrial security clearance required. 


LOCKHEED DIVISION . 
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‘COMPUTENCE 


at work in Polaris program 


The mission: to develop and manufacture the electronic digital computer that provides stabilization for the submarine 
periscope or radio-metric sextant; resolves celestial information in bearing and elevation order signals; provides daté 
for the correction of the inertial navigator; and compensates for the effects of roll, pitch, heading, and mast flexure. 
The means: Burroughs Computence. The results: precise launchings for Polaris. Other USN missions-accomplished: 
Polaris Fire Control Switchboards, aircraft carrier landing systems (through Burroughs Control Instrument Co.), ani 
advanced digital airborne computers. The message: Be it by land, sea, air or space, Burroughs Computence—rangin 
from basic research through production to field service—takes its bearings, goes straight for the goal. 


Burroughs-T™ 


Burroughs 


Burroughs *COMP’UTENCE / fota/ competence in computatioq 
Corporation 
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— ranging Illustrating the AEROSPACE SUPPORT theme for this issue, an artist’s conception shows the Silo Launch Test 
' Facility (SLTF) for Titan II at Vandenberg AFB, Calif. On the third of last month—well after selection of the 
rroughs—™ drawing for cover reproduction—the underground missile launching concept was proved by firing of a Titan from 
the Vandenberg site. The complex was designed and built by The Ralph M. Parsons Company, Engineers- 
Constructors, of Los Angeles, Calif., for the Air Force Ballistic Missile Division (ARDC) and Army Corps of 
Engineers (Los Angeles District). The SLTF is comprised of reinforced concrete control instrumentation center, 
mputatio steelframe equipment building, and fuel storage-handling facilities. The contractor’s responsibility included 


design criteria, preliminary and final design and construction of the entire facility. 
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Contributors Please 
Note 


AEROSPACE ENGINEERING welcomes con- 
tributions of original manuscripts dealing 
with all fields of interest in the Aerospace 
Sciences (detailed list under “Aerospace 
Technology Panels," page 4). Manu- 
scripts are acknowledged on receipt and 
authors kept informed as to progress and 
notified promptly of acceptance. To 
prevent delays in confidential editorial 
review of articles, adhere rigidly to IAS 
Requirements for Contributions and provide 
an original manuscript plus one or two 
legible (carbon or process) copies com- 
plete with legible copies of illustrations. 
Items submitted should not exceed 17-20 
pages (maximum of 5,000 words), double 
spaced and typewritten with 2-inch 
margins. For each illustration submitted, 
deduct 350 words; and for any tabular 
matter, deduct an equivalent number of 
words from text. Usually, a period of 
from 2 to 6 weeks is required for editorial 
review. 


Contributors are, however, urged to 
correspond with the Editor at any time dur- 
ing the review period whenever the need 
arises. Articles are published as rapidly 
as possible after acceptance. IAS, follow- 
ing the practice of other societies, does not 
pay for contributions. 


Shown ¥% actual size is a typical XBS modular 
system, utilizing a firing module, cabling, explosive 
cartridge, and a separation link. Of compact, solid 
state design, the firing module discharges two 
an exploding 
bridgewire in less than 10 microseconds. Synchro- 
initiation of 
multiple modules as required. This advanced XBS 
modular system provides important advantages of: 


joules (one mfd at 2 KV) through 


nizing circuits permit simultaneous 


e Greater Safety 


e Greater System Reliability 
e Fewer Cabling Problems 
e Better Design Flexibility 


. Warhead Adaption Kit SAF 

. Re-entry body release device 

. Second stage destruct system 

. Data package release and ejection device 
. Second stage engine igniter 

. Vernier igniters 

. Stage separation devices 


. First stage destruct system 


= 
OU FP 


cutters, etc.) as required by system 
. Tank pressurization gas generators 


. Auxiliary power unit 

. Thermal battery actuators 
. Thrust termination devices 
. First stage engine igniters 
. Missile release devices 

. Umbilical cable releases 

. Umbilical mast retractor 
20. Turbo pump starters 


‘bilities to provide the best in EXPLODING BRIDGEWIRE SYS 


Division, 
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TYPICAL XB ORDNANCE APPLICATIONS 


. Interstage connector (electric, hydraulic, etc.) actuators 


. Miscellaneous devices (thrustors, pin-pullers, cable 


. Guidance and control power gas generators 


* ucts Division of TFT combine their ordnance and power caps-| 
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HOLDING PATTERN PROGRAMMER: Programs 
Automatic Flight Control System to fly prescribed holding 
patterns, automatically correcting for wind. 


AFFIC CONTROL COMMERCIAL, 

MILITARY, AND BUSINESS AIRCRAFT 

BENEFIT FROM THESE MODERN 
BENDIX AIRBORNE DEVICES 


TO-FROM BEEPER: Gives audible signal dur- AUDIO CO-PILOT: An experiment in converting instru: 
ing VOR station crossing, or at beam intersection, ment flag warnings and selected flight data to audible 
relieving pilot of tiring instrument concentration. signals (e.g.: calling out approach and take-off airspeeds). 
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VORTAC COMPUTER: Through airborne com- 
putation, creates phantom Vortac station where 
needed for parallel routing through congested areas 


Knowmanship in Action 


Since introducing the “‘earth inductor’ compass in 
aviation’s early days, Eclipse-Pioneer has been re- 
sponsible for a wide array of control and navigation 
equipment that has anticipated aviation’s ever- 
growing, ever-changing needs. All seven devices 
shown on these pages are important new advances 
keyed to jet-age problems and ready to aid in 
relieving the cockpit pressures of navigation and 
traffic control. 


TECHNICAL KNOWLEDGE + EXPERIENCED MANAGEMENT 
+ SPECIALIZED CRAFTSMANSHIP = KNOWMANSHIP 


For further information, write... 


Eclipse-Pioneer Division 
TETERBORO, N, J. 


THE 
CORPORATION 


SIGNAL COMPARATOR: Compares signals from 
two like systems (i.e.: horizons, compasses, any syn- - 


yeeds). 


chro signals) and warns when difference exists. 


and for direct flight navigation to destinations with limited 
navigation facilities. Provides constant readout of bearing and 
distance information. 


VERNAV (Vertical Navigator): Automatically com- 
putes and flies optimum climb or descent path to any 
preselected point in altitude. 


TWO-AXIS GYRO MONITOR: Warns when gyro is 
not erected to vertical. When used with a Signal Compa- 
rator in a dual system, tells which gyro is malfunctioning. 
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For the “Hustler”: 
High Speed Bomb-Nav 


A new, high speed automatic checkout 
system developed for Convair by Sperry 
can make up to 3,600 different line 
checks on the complex bomb-nav system 
of the B-58 Hustler, most of which re- 
quire only 4 seconds to set and complete. 

In a mobile van Flight Line Tester 
coupled tothe B-58, the AGE (Aerospace 
Ground Equipment) performs desired 
checks which are programmed by 
punched tape. Visual “go, no-go” read- 
out is provided. In event of malfunction, 


Checkout System 


BE 


additional rapid automatic measure- 
ments are made in repair-shop installed 
test sets to pinpoint the trouble. 

This advanced system is now under- 
going final Air Force evaluations at 
Carswell AFB. Significantly faster than 
conventional checkout methods, the 
highly efficient Sperry AGE system also 
increases the accuracy, simplicity and 
flexibility of testing. 

The Sperry-developed bombing- 
navigation system has contributed im- 


CAUTION 
AIR BRAKES 


| 


portantly to the newly operational 
Hustler, which won the SAC trophy for 
both low and high altitude bombing in 
1960, with only 6 weeks of operational 
training for its crew. 


AIR ARMAMENT DIVISION, SPERRY GYROSCOPE COMPANY, DIVISION OF SPERRY RAND CORPORATION, GREAT NECK, NEW YORK 
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This is 


is INSTITUTE of the Aerospace Sciences, 2 pro- 
fessional society for aerospace scientists and engi- 
neers, is the leading organization in its field. 
Founded in 1932, its basic aim is to advance the 
aerospace sciences by disseminating among its 
members technical information covering the entire 
range of human and automated flight. IAS in- 
terest ranges from ground hovering machines to jet 
aircraft and supersonic transports, from missiles to 
deep space probes and satellites. More compre- 
hensive in scope then any other comparable or- 
ganization in the Free World, the IAS embraces the 
state of the art both in its specific disciplines and in 
the sum total of the ways in which they relate to 
each other. 

To help IAS Members fulfill their many-sided 
responsibilities, the Institute through its meetings, 
publications and other information services con- 
stantly updates knowledge and stimulates the skills 
of the individual scientist, engineer, administrator 
and others. It also provides recognition of pro- 
fessional standing by grading its membership egainst 
rigid educational and experience standards, and by 
granting awerds for outstanding 2erospace contribu- 
tions. 

Today, whén the impact of aerospace science and 
technology upon the whole future of our society is 
becoming more crucizl, the IAS serves as a communi- 
cations bridge in bringing to the scientist and engi- 
neer the latest developments and trends in facili- 
tating a continual cross-fertilization of ideas with 
those of their colleagues. 

The very size and scope of IAS interests enable it 
to act as an international communications center 
and clearing house for ideas and information that 
arise from the scientific-technicel community, from 
industry, universities, research foundations and the 
Government. 

The IAS makes available to its members the most 
extensive aerospace library services in the Free 
World. It collects and distributes aerospace data 
from the earliest pioneer experiments to today’s 
most sophisticated researchers at the frontiers of 
aerospace science. 

The Institute takes the initiative in arranging 
joint meetings and symposia and otherwise cooperat- 
ing with sister societies to encourage the pooling and 


An excerpt from a bookiet by ine same iiile 
to be published this month. 


dissemination of aerospace knowledge. It makes 
every effort to avoid duplication and waste of the 
country’s aerospace mind power. 


The IAS collaborates closely with the National 
Science Foundetion, the Netione! Aeronautics and 
Space Administration, the Federal Aviation Ad- 
ministration, the Research end Development Offices 
of the Army, the Nevy and the Air Force, and ap- 
propriate Committees of the Congress to foster a 
constant flow of inter-communication between the 
scientific-technicel community and Government 
agencies. 

Helping to keep the individual scientist and engi- 
neer continuously up-to-date on the most significant 
advences in aerospace theory and practice, the IAS 
alerts top management to new and vital trends. 
This provides industry with new sources for economic 
growth and for diversification. 


The Institute encoureges aerospace education 
from high school through graduate school. It con- 
ducts an extensive program in colleges and in uni- 
versities to stimulate the student toward professional 
awareness and the need for high standards of capa- 
bility. It offers guidance materials to vocational 
counsellors to assist students in choosing careers and 
in preparing for their college years in 2 practical and 
constructive fashion. 


Membership in any professionel society is the 
hallmark of the man who genuinely respects his own 
vocation. He gains in professional stature from 
association with colleagues in his field. More im- 
portantly, however, he thereby helps to extend the 
effectiveness of his profession, as a whole. 


Membership in the IAS, the professional society 
which concerns itself exclusively with the aerospace 
sciences, takes on special significance and responsi- 
bilities. Progress in the aerospace sciences is today 
increasingly inseparable from questions of national 
security, economic vitality and the ability of free 
men to flourish, or even survive. 

It has always been IAS policy in arranging its pro- 
grams and in editing its publications to keep ahead 
of the requirements of its members. This it will 
continue to do. It will continue to serve the pro- 
fessional interests of its members in all flight re- 
gimes ‘‘from Zero to Infinity.” 
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Aerospace Support 


The First Titan Hardened Facilities 


Marvin J. Kudroff, Daniel, Mann, Johnson, & Mendenhall 


“The Air Force goal was to have a facility available for occupancy by 


the Strategic Air Command, one that was invulnerable io 


thermonuclear attack, ai such a time as the missile 
itself became operational.” 


LAUNCHER 
NO. 2 


LAUNCHER 
no.3 
EQUIPMENT 
TERMINAL 
LAUNCHER 
No.1 TERMINAL 


CONTROL 
CENTER 


1800 FT. 


— TUNNELS 
SURFACE 
ROAD 
REAL ESTATE 

48 ACRES 


Fig. 1. Typical launch complex—a self-contained and completely 
self-sufficient operational unit. 
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be THE SPACE AGE this Nation’s achievements in 
the missile and satellite fields are being exploited to 
the fullest. The engine thrust, propellant system, 
guidance system, electronic components, ground- 
support equipment, and the vehicle itself are truly 
great scientific achievements. Man in space is fast 
becoming:a reality. Our international reputation 
and prestige are emphatically dependent on our suc- 
cess off the launch pad. 

The greatest deterrent and our survival are 
emphatically dependent on our missile arsenal and 
its ability to provide immediate retaliation in the 
event of enemy attack. The problem confronting 
the Air Force therefore concerned not only the de- 
velopment of missiles, but also the ‘determination 
of its ground environment and its vulnerability to 
enemy attack from both missiles and bombers. 
Its choice was mobility, dispersal, or hardening (re- 
sistance to thermonuclear attack). The Army 
IRBM, the Jupiter, was designed mobile with all 
equipment to support the missile, and the missile 
itself is trailerized. The Air Force IRBM, the 
Thor, is partially mobile with all ground-support 
equipment trailerized but with the missile and its 
propellant storage mounted to a fixed foundation. 
Next, the ICBM’s, Atlas and Titan, were developed. 
They are much larger, heavier, and carry greater 
payloads than the IRBM. Because of difficulties 
in handling liquid propellants, these ICBM’s can- 
not be considered mobile. 

Studies were conducted on dispersal with its ap- 
propriate logistics support vs. hardening. The first 
Atlas squadrons were soft and dispersed; the first 
Titan squadrons were to be hardened and generally 
dispersed. 

The hardening environment for these first Titan 
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squadrons was established at 100 psi. With a mini- 
mum of criteria availéble, the Air Force set about 
selecting an architect-engineer for facility design. 
The scope—initial facilities construction cost in ex- 
cess of $100 million; the available knowledge of the 
effects of nuclear weapons on buried structures— 
minimal; and the needs in the way of facilities to 
support the weapon system—undetermined. 

In February 1958, 2 days short of 1 year before 
the first Titan became airborne, Daniel, Mann, 
Johnson, & Mendenhall and Associates (a joint ven- 
ture consisting of DMJM of Los Angeles, Leo A. 
Daly Co. of Omaha, Mason & Hanger-Silas Mason 
Co. of New York, and the Rust Engineering Co. of 
Pittsburgh) were commissioned by the Air Force 
to be Architect-Engineer for the first operational 
squadrons at Lowry AFB, Denver, and the Opera- 
tional System Test Facility (OSTF) and Training 
Facilities at Vandenberg AFB. 

The challenge was tremendous. For the first time, 
this Nation’s retaliatory forces, our ICBM’s, would 
be just as dependent on A-E designed facilities as on 
the weapon itself. If, after nuclear attack of multi- 
megaton magnitude (millions of tons of TNT), the 
facilities were damaged or transmitted loads to 
equipments that would cause them to malfunction, 
then the mission would be lost. Large equipment 
(such as diesel engine generators, propellant tanks 
and vessels, and air-conditioning compressors), as 
well as small equipment (such as circuit breakers, 
valves, pumps, and electronic signal devices and 
controls), are equally vulnerable to the tremendous 
accelerations and frequencies caused by the shock 
input. If damage were to occur to one important 
piece of equipment, large or small, the probability of 
launching a missile successfully would become un- 


Fig. 2. Launch complex cutaway. 


certain. The Architect-Engineer therefore assumed 
the role of Associate Contractor, along with the 
Martin Co., AMF, BTL, Avco, and Aerojet. 


Facilities, General 


Each Titan I squadron consists of three separate 
complexes, each dispersed from 12 to 18 miles and 
each supporting three missiles. The first two Titan 
squadrons were located in the Denver area at some- 
what closer spacing than noted above because of 
available Government-owned properties. The re- 
maining four squadrons, for which DMJM and Asso- 
ciates designed two facilities, are located at Ells- 
worth AFB, Rapid City, $.D.; Larson AFB, Moses 
Lake, Wash.; Beale AFB, Marysville, Calif.; and 
Mountain Home AFB, Mountain Home, Idaho. 

A launch complex consists of three launchers, each 
of which contains a missile silo, a propellant ter- 
minal, and an equipment terminal. The complex 
also contains a control center from which the missile 
is checked out remotely; a powerhouse which pro- 
vides the power, air conditioning, water, and other 
utilities necessary to launch (Continued on page 41) 


Mr. Kudroff received his B.S. in architectural 
engineering from Pennsylvania State Uni- 
versity. He joined Daniel, Mann, Johnson, & 
Mendenhall in 1947 as a structural de- 
signer and since then has had management 
responsibilities on numerous military and in- 
dustrial projects. He has successively held 
positions of Chief Structural Engineer; Proj- 
ect Manager on Rocketdyne’s Engine Test 
Facilities and the Thor IRBM Training and 
Operational Facilities; Director of Engi- 
neering and Deputy Project Manager for 
DMJM and Associates on the Titan hardened 
facilities. He is currently Director of Special Projects for DMJM. Mr. 
Kudroff holds licenses as Civil and Structural Engineer in California and 
Professional Engineer in Colorado. 
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Fig. 1. Two methods of adding buoyant material to rocket for water 
launch. A is rocket vehicle, B is the buoyant jacket, C is the buoyant 


ring, D is the center of buoyancy, E is the center of gravity, F is water and 
G is the tail plug. 


Commander Draim received a B.S. degree 
from the U.S. Naval Academy in 1949, a 
B.S. (aeronautical engineering) from the 
U.S. Naval Postgraduate School in 1955, and 
an M.S. from the Massachusetts Institute of 
Technology in 1956. His service in the 
Navy includes duty as first lieutenant of a 
destroyer and as a pilot and engineering 
officer in two carrier-based fighter squad- 
rons. At the U.S. Naval Missile Center, 
Commander Draim has been associated with 
the Regulus ll and Eagle missile programs, 
and with the Astronautics Research Division 
at the base. His assignment associated with Project Hydra began early 
in 1960. 


Commander Stalzer received a B.S. degree 
in aeronautical engineering from the Univer- 
sity of Notre Dame in 1953, an M.S. in 
aeronautical engineering from the Mas- 
; j sachusetts Institute of Technology in 1954, 

‘ and a Professional Engineering degree in 


aeronautical engineering from M.L.T. in 1955. 

His professional experience includes 3 years 

- i - &, at the Boeing Airplane Co., where he worked 

<< _ on preliminary design of the 110-A weapon 

P NR <n system (B-70), the DynaSoar, and the 

Minuteman ICBM. Commander Stalzer was 

stationed at the U.S. Naval Missile Center 

from September 1958 to January 1961 and became associated with 

Project Hydra early in 1960. He is currently assigned to the Direc- 

torate of Air Force Space Boosters, Air Force Ballistic Missile Division, 
U.S. Air Force. 


The Navy announced on April 20 that Project Hydra now 
is ready for full-scale launching tests. On the day before, 
a 10-ton, 40-ft mockup of Hydra II was launched successfully 
from the ocean near Santa Cruz Island, thus advancing the 
project to the useful application stage.—-Editor 
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Aerospace Support 


Vertical Floating 


Lt. Comdrs. J. E. Draim and C. E. Stalzer, USN 
U.S. Naval Missile Center (Point Mugu) 


= HypRa was initiated at the U.S. Naval 
Missile Center, Point Mugu, Calif., early in 1960, 
Its objective is the development of sea-launched 
rocket vehicles and perfection of handling and 
checkout procedures. Briefly, the sea-launch con- 
cept involves floating the rocket vehicles vertically 
(in the manner of a spar buoy) on the surface of the 
ocean, and launching the rockets from this position.' 
Much of the expensive transportation, handling, 
erection, and servicing equipment necessary to con- 
duct land launches is eliminated. The equipment 
used consists of standard tugs, floating dry docks, 
barges, and range instrumentation ships, none of 
which is limited in its capability of handling ex- 
tremely large rockets of any foreseeable weight, size, 
orconfiguration. In the case of explosive malfunction 
at launch, the “launch pad” and other support 
equipment would not be damaged. 

Prior to firing, the rocket vehicle is floating ver- 
tically, unmoored, in the water. Since most solid- 
propellant rocket vehicles have a specific gravity be- 
tween 1.0 and 1.4, it is necessary to add some buoyant 
material (such as foamed plastic) to reduce the 
specific gravity of the combination to a_ value 
slightly less than unity. The distribution of this 
buoyancy must be controlled so that the rocket 
vehicle floats vertically prior to launch. This added 
buoyancy is jettisoned at launch. Two methods of 
adding buoyancy are shown in Fig. 1. 

The three outstanding advantages of the (Hydra) 
water-launch concept are that: 

(1) Mobility is unlimited over the surface of the 
oceans, allowing equatorial launches, and launches at 
arbitrary latitudes, to be carried out with relative 
ease. 

(2) Handling requirements are simple, inexpen- 
sive, and a weak function of increasing weight. 
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Launch of Rocket Vehicles 


Project Hydra—a study of handling, erection, acceleration 


effects, and checkout concepts applicable to water launch 


Extremely large rocket vehicles weighing hundreds 
of tons may be transported, erected, and launched 
in the water with a minimum number of skilled 
personnel. 

(3) Launch safety and range safety criteria may 
be satisfied by a suitable choice of launch site and 
by separation distances between rocket and support 
vessels at launch time. 

A more complete comparison between water- 
launched and land-launched systems is presented in 
Table 1. 

The development of the sea-launch concept should 
yield increasingly greater benefits as booster size in- 
creases. With the advent of nuclear rockets. the 
techniques developed for water launch of large 
chemical rockets would prove invaluable. The 
hazards involved in the resting and operation of 


10 0 20 40 60 80 100 150 


SCALE IN FEET 


large nuclear rockets would be minimized by reason 
of complete isolation far at sea. 

Vehicle handling techniques associated with the 
sea launch are discussed in this paper. The problems 
associated with system and component checkout are 
recognized, and various solutions are suggested. 

Analytical and experimental results have been 
generated in water-launch investigations at the U.S. 
Navel Missile Center in the areas of (a) wave- 
induced motions of rocket vehicles floating vertically, 
and (b) mechanism of the vertical floating launch. 

Sea-launch experimentation at the U.S. Naval 
Missile Center has been centered principally on 
solid-propellant rocket vehicles. In most respects, 


they are ideally suited to the water-launch concept. 
Storable liquid and hybrid rockets are promising, but 
cyrogenic liquid rockets 


(Continued on page 46) 


4 


Fig. 2. Horizontal assembly of large solid-propellant booster vehicle by use of conventional dry-dock facilities. 
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Aerospace Support 


Networks of Decentralized Decisions Under 


R. W. Bragg, Documentation, Inc. 


Edward B. Hincks, Aerospace Industries Association of America, Inc. 


= NEW WEAPON system of the past decade has 
embodied advances in technology. The curve of 
technical complexity has increased sharply and the 
trend is continuing into space systems. To convert 
laboratory breakthroughs into operational vehicles 
requires the talents of many organizations. For a 
supersonic bomber (B-70) and supersonic interceptor 
(F-108), the North American Aviation Company 
works with 15 major subcontractors and, according 
to its President, J. L. Atwood, “. . . an estimated 
20,000 companies will ultimately be involved... .”’! 
For the solid fuel Polaris missile, Lockheed’s Board 
Chairman, R. E. Gross, reported seven major indus- 
trial associates, and “in December 1958, 2,898 sup- 
pliers were supplying Lockheed or its subcontractors 
on the Polaris program.’’? Similarly, Convair re- 
ported 4,391 companies* involved in production of 
the Atlas ICBM, and Boeing, more than 3,600 com- 
panies‘ on the Bomarc interceptor missile system. 

These companies in every sector of the American 
economy work together under a weapon system 
prime contractor (Fig. 1) to solve the technical 
problems each system poses. Advancing technology 
and delivering functioning equipment to the military 
services depends in part on how well they work to- 
gether. This, in turn, depends in part upon the in- 
formation available to management. 

It is, to be sure, the technical and engineering 
capabilities that are searched out, in whatever com- 
pany or location they may be, by the weapon system 
prime contractor in putting together the industrial 
team. Each new and changing team forms an 
industrial complex in which technological know-how, 
and hence technical decisions, are decentralized. 


Aerospace Engineering + June 1961 


With decentralized decisions, particularly in the 
technical realm of the product, there is an intensified 
need for effective central management; “. . . de- 
centralized decisions work well only if the decision- 
makers at various levels can be given appropriate 
incentives and criteria. .. 


Information System 


An information system, adapted to the industrial 
complex and the expected role of each participant, 


Mr. Bragg, an industrial consultant, spe- 
cializes in research and development pro- 
grams. After attending Ohio State Uni- 
versity, he served several years with Govern- 
ment R&D agencies, including the Research 
and Development Board, Office of the Secre- 
tary of Defense, and Naval Weapons Re- 
search and Development. He served as a 
key member of the organizing group in a 
number of new firms specializing in R&D. 
In 1954, Mr. Bragg opened his own consult- 
ing practice. He is now associated with 
Documentation, Inc. 


Mr. Hincks, Research and Statistical Dept. 
head, Aerospace Industries Association of 
America, Inc., is a graduate of Yale Uni- 
versity and joined AIA in 1955 after 17 
years of service in the Office of Statistical 
Standards, Federal Budget Bureau. As- 
signments undertaken by Mr. Hincks during 
his FBB tenure include establishment of an 
internal reporting system for the Smaller War 
Plants Corporation (1945); direction of the 
Office of Survey Standards, Civilian Produc- 
tion Administration (1946); establishment 
of the Reports and Forms Control Office of 
the National Resources Board (1948); and assistance to the Bureau 
of the Census (1953) in planning the quinquennial census of manu- 
facturers. 
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Central Management 


Criteria for appropriate 
information are necessary at all levels 
in order that decentralized decision- 


making work properly. 


can illuminate the incentives and criteria for the per- 
formance of decision-makers, showing the quality of 
performance and making it possible to avoid exces- 
sive supervision. Such a system displays the divi- 
sion of responsibility among the participants and 
the relationship, in weapon systems development, of 
development time, dollar, man-hour and other re- 
source costs, and product performance and relia- 
bility. What to observe, measure, record, and 
transmit—the essence of any information system— 
can be specified in programs of industrial complexes 
in the light of an analysis of networks and the sub- 
stance of the decisions displayed there. 
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Fig. 1. Decentralized industrial complex. 


Networks 


The term network is coming into increasing use to 
describe the relationship of activities and events 
which comprise the internal structure of the program 
between its start and termination. Program in this 
sense describes a complex of activities in which one 
person or organization directs the efforts of others 
contributing to the accomplishment of a specific 
development, production, or construction objective. 
A weapon system team is put together for one 
specific program. In large weapon system programs, 
like the above-cited B-70, (Continued on page 53) 


Fig. 2. Decision time—tThe static interval in dynamic programs. 
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Aerospace Support 


Hawk Missile System Electronic Repair Shops 


A missile support equipment program to provide a mobile field repair shop 
with facilities to accommodate all support requirements. 


W. J. Perreault, Radio Corporation of America 


ie SYSTEMS require complicated support 
equipments for the prelaunch checkout and control 
phases. The mission of this equipment is to assure 
the success of every launching. The design of 
support equipment in general delays the design of the 
prime system it serves, and in some cases becomes a 
stepchild in the overall program. The support 
equipment program, therefore, requires that the 
design not only matches the requirements of the 


3 

| 

oe 


Fig. 1. Basic drawer size. 
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prime system, but takes into account methods to 
rapidly and economically accommodate any prime 
system changes or modifications. For this reason, a 
thorough Systems Operational Study, equalling that 
of the prime system, must be conducted for the 
support equipment, before any design can begin. 

For the Hawk missile system, this study indicated 
that the checkout problem should be divided into 
two distinct phases; (1) the prelaunch, launch, 
control, and organizational maintenance phase (lst 
and 2nd echelon field support), and (2) the repair 
and field maintenance phase (3rd and 4th echelon 
field support). The first phase employed only 
those equipments deemed necessary for field opera- 
tions, and the second phase, all other equipments 
which would be needed to maintain the operational 
status of the Hawk Missile units in the field. This 
solution appeared to make it possible to provide 
maximum efficiency during each phase. 


Design Considerations 


The design of the Ist and 2nd echelon support 
equipment was more or less dictated by the specific 
detail requirements of the Hawk missile and as- 
sociated launching equipment. The 3rd and 4th 
echelon support equipment, however, posed a quite 
different problem, namely, how to provide a mobile 
field repair shop with facilities to accommodate all 
support requirements for the Hawk missile system. 

The mobility problem was solved by housing the 
shop in air-transportable shelters to permit air-lifting 
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Fig. 2. Unit Under Test (UUT) flow chart. 


from one missile site to another. In this manner, a 
single shop could satisfactorily service several sites, 
if necessary, or could quickly follow the equipment 
as sites were changed. The remaining problem was 
to design a repair shop which would precisely serve 
the mission of both the missile and its operating 
personnel. 


Feasibility Study 


A feasibility study to resolve the electronic aspects 
of that question was undertaken by RCA that re- 
sulted in the following conclusions: 

(1) The equipment had to be restricted to use 
only the 400 cycle power available at the system 
sites. 

(2) The equipment had to contain only those elec- 
tronic units essential to the successful completion of 
the mission. 

After careful analysis of these criteria, a thorough 
examination of all available information concern- 
ing the units to be tested, and the requirements of 
the Hawk missile system, a test system was pro- 
posed which had the following major features: 

(1) Modularized console construction (2 console 
types only). 

(2) Semiautomatic or manual programing of 
multiple range instruments. 

(3) Direct reading, analog type indicators. 

(4) A modularized, direct reading counter. 

(5) Programable stimulus generators. 

(6) Programable power supplies. 


(7) Maximum test capability in relatively small 
space. 

(8) Expandable test capabilities. 

(9) Self-checking features. 

Modularized construction of test equipment was 
chosen to ease repair and replacement, and because 
it simplifies the logistic problem. In addition, it 
provides for the modification of designs and equip- 
ment without the usual high rate of obsolescence and 
cost. 

Two console types using only 26 different modules 
were designed to provide all electronic tests for the 
Hawk missile system. One console is used primarily 
for tests which involve microwave units, and the 
other for tests involving CW and pulse units. How- 
ever, both consoles provide for tests and checks of 
common parameters, such as voltage, current, and 
impedance. Each contains the necessary power sup- 
plies for the units to be tested. (Continued on page 66) 


Mr. Perreault received his B.E.E. from the 
University of Minnesota in 1958. Prior to 
that, he had served in the U.S. Navy as a 
fire control technician where he was re- 
sponsible for the operation and maintenance 
of several types of experimental gunfire 
control systems aboard the U.S.S. “Tim- 
merman."” Upon joining RCA he was a 
specialist in a systems integration group for 
airborne flight and weapons control. He 
next designed special purpose solid state 
circuits for use in advanced equipments. 
He is presently assigned to Missile Test 
Equipment projects and is responsible for integration and test. Mr. 
Perreault is a member of the IRE and the AIEE. 
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Aerospace Support 


Enterprise 


Aircraft Support Equipment 


Forrestal 


at Sea 


Midway 


Leonard Lipson and Thomas A. Lyle 


Bureau of Naval Weapons, Department of the Navy 


Essex 


Typical items of support equipment currently being used aboard aircraft 
carriers, and the criteria to be considered in their design and development. 


Langley 


Fig. 1. The growth of aircraft carriers during the past 40 years. 
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Wine THE importance of aircraft support equip- 
ment has been widely publicized during the past few 
years, its value has long been recognized by the 
Navy as an integral part of the task of maintaining 
aircraft at sea. From the pioneering flights of the 
first Navy squadrons aboard the U.S.S. “Langley” 
to today’s supersonic jets, each advance in aircraft 
or ship design has been matched by similar advances 
in ground support equipment. These advances have 
been necessary in order to balance all facets of car- 
rier operations (the man, the ship, the aircraft, and 
the equipment) into a single harmonious team in 
order to achieve the full potential of Navy aircraft. 
It is the intent of this paper to describe typical items 
of support equipment currently being used aboard 
aircraft carriers, to discuss the problems imposed 
by this environment, and to emphasize certain cri- 
teria which must be considered in the design and de- 
velopment of support equipment at sea. 


The Environment 


This fiftieth anniversary of Naval aviation marks 
a high point in the development of both carrier and 
aircraft potentials. The following aircraft and ship 
developments have posed new requirements for sup- 
port equipment and are presented to serve as an 
introduction to the environment in which modern 
carrier support equipment must operate. 

The top speed of carrier-based fighter aircraft has 
increased more than threefold during the past 10 
years. Naval aircraft speeds in excess of 1,300 knots 
are now possible due, in part, to the intensive de- 
velopment of turbojet engines which now deliver 
sufficient power to challenge the imagination of air- 
craft designers. The introduction of steam catapults 
and boundary-layer control systems has improved 
control of high-speed aircraft during launch and 
recovery operations, thereby enhancing the safety 
and reliability characteristics of the aircraft. This 
has resulted in the utilization of highly sophisticated 
aircraft equipped with operational systems designed 
to exploit greatly improved performance character- 
istics. Unfortunately, this system sophistication 
has in turn resulted in attendant complex support 
systems which, heretofore, were limited to land- 
based aircraft. 


Carrier size has grown from the 40,000-ton-dis- 
placement of the World War II Essex Class to the 
85,000-ton-displacement of the soon-to-be commis- 
sioned Enterprise Class. This growth in size, as 
indicated in Fig. 1, does not relate the full story of 
the carrier’s increased capabilities. Within the 
hulls of these new ships, the facilities and shops re- 
quired to maintain the operational readiness of air- 
craft are, in most cases, equivalent to similar facilities 
established ashore. It should be noted, however, 
that while the facilities are equivalent, an intensive 


effort has been expended to provide equipment which 
is compact enough to fit the limited working areas 
available. 


The complement of attack-type aircraft loading 
aboard Enterprise Class carriers has been greatly 
increased over previously assigned numbers of similar 
attack aircraft aboard Essex Class carriers. This 
has been accomplished while maintaining the Essex 
Class capacity for fighter and early warning aircraft. 
In spite of the increased size of the ship, the increased 
number of aircraft to be maintained poses many 
problems because of the storage and operational re- 
strictions which exist within these complete but 
necessarily confined maintenance areas. 

Within the confines of the carrier it has been pos- 
sible to provide both the maintenance capabilities 
of a modern air base and living space for a crew of 
over 4,000 men as well. While the modern carrier 
has assumed dimensions considered impossible only 
20 years ago, it must be recognized that it is still 
influenced by the sea environment. Equipment 
utilized must be capable of operation during normal 
pitch and roll of the vessel, resistant to the highly 
corrosive sea water atmosphere, and compact enough 
to fit into the limited working spaces available. 


Criteria 


In spite of the vast improvements in the capabili- 
ties of carriers and aircraft, the operating environ- 
ment still taxes the abilities of both men and ma- 
chines. Equipment must be provided to meet the 
requirements of the swiftly paced tempo of carrier 
operations. The following closely related criteria 
have been selected to discuss guidelines which can 
be used for the design and (Continued on page 60) 


Mr. Lipson, Assistant to the Head of the Gen- 
eral Support Equipment Section, Bureau of 
Naval Weapons, is responsible for the de- 
sign, development, and procurement of 
standardized aircraft ground support equip- 
ment. He received his Bachelor's degree in 
mechanical engineering from Drexel Insti- 
tute of Technology in 1955 and is doing 
graduate work at George Washington 
University in the field of engineering adminis- 
tration. He has been associated with 
various aspects of ground support equip- 
ment during the past 5 years while em- 
ployed by the Bureau of Naval Weapons. 


Since 1953, Mr. Lyle has been Assistant Head 
of the Propulsion Support Equipment Section, 
Ground Support Engineering Branch, Bureau 


of Naval Weapons, responsible for the de- _ 
sign, development, and evaluation of special- 
ized support equip t for propulsion units 


of Naval aviation. He is a registered Pro- 
fessional Engineer in the District of Columbia, 
and a member of the National Society of 
Professional Engineers. Mr. Lyle received 
his B.S. degree from East Tennessee State 
College in 1942 and began his Government 
service the same year. He has done gradu- 
ate work in engineering administration at George Washington Un» 
versity. 
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Fig. 1. Trajectory of an arbitrary three-stage vehicle showing both 
applications—ballistic missile and space vehicle. A = launcher; 
B = cutoff, first stage; C = impact, first stage; D = cutoff, second 
stage; E = impact, second stage; F = cutoff, third stage in the case 
of a ballistic missile; G = target of the ballistic missile; H = cutoff, 
third stage in the case of a space vehicle. At point H injection is 
achieved either into an orbit around the earth or into a so-called 
parking orbit—from which departure onto a space trajectory may be 
achieved by restarting the third-stage motor(s) at a suitable time; 
or H is the injection point into a space trajectory directly, depending on 
the velocity achieved at this point. 


= RANGE SAFETY PHILOSOPHY presently employed 
needs modification to accommodate space age re- 
quirements. These new requirements, on the other 
hand, cause concern within agencies which have vir- 
tually not been involved in missile launch operations 
previously. Therefore, the purpose of this paper is 
twofold: first, to describe, in general, the hazards 
inherent in missile and space vehicle launch opera- 
tions and the influence that range safety activities 
can exert upon these hazards; and second, to present 
the reasons for, and outline of, a new range safety 
philosophy. 

Range safety activities manifest themselves ulti- 
mately in premature flight termination if deviations 
from the nominal trajectory occur which might 
cause a threat to human life and/or property. The 
reason that range safety activities on the other hand 
are quite unpopular with the developers of missiles 
or space vehicles is purely technical and economical— 
valuable technical information can be derived even 
from a grossly misbehaving vehicle. Considerations 
of humanity, however, and political implications 
make it mandatory that a missile or space vehicle, or 
parts thereof, be prevented from impacting in cer- 
tain predefined areas. In some applications it will 
be impossible to provide absolute maximum protec- 
tion to all land masses without seriously jeopardiz- 
ing the mission, or even making it impossible. 

The term “‘vehicle’’ will be used in this paper to 
designate both ballistic missiles and all kinds of 
spacecraft. The stages of a space vehicle, with the 
possible exception of the last stage, are, as far as the 
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Adolf H. Knothe 
NASA Launch Operations Directorate 


Dr. Knothe is a member of the Technical and 
Scientific Staff of NASA's Launch Opera- 
tions Directorate, Cape Canaveral. In 
1952 he obtained his Ph.D. in applied 
mathematics from Darmstadt Technical Uni- 
versity, Germany, after having served there 
4 years as a Scientific Assistant. From 1943 
to 1945 he conducted stability investigations 
of guidance and control systems at Peene- 
muende. He joined the U.S. Army's Guided 
Missile Development Division (later ABMA) 
in 1952, working in the fields of inertial 
guidance systems and trajectories. In July 
1960 he transferred to NASA. Presently his main interest lies in range 
safety problems. 


range safety problem is concerned, not different from 
the stages of a ballistic missile. Also the orbiting or 
escaping stage of a _ spacecraft poses a range 
safety problem in case of malfunction—that is, in 
case an orbit or escape trajectory is not achieved. 
The return of a spacecraft from an orbit or from a 
space flight mission must be considered, too. 


Risks Involved in Missile and Space Flight Operation 


This article considers threats to life and property 
only on the surface of the earth. At the present time, 
there is no indication that some kind of protection 
might be necessary for certain areas on the surface 
of other planets. First, only the risks caused by mis- 
sile and spacecraft launchings will be discussed 
without regard to possible range safety activities. 
If a vehicle would perform as planned, any par- 
ticular range safety problem could be avoided. The 
stages of the vehicle would impact in preselected 
areas and the last stage would reach its target, which 
might be a certain area on the surface of the earth 
(ballistic missile flight or return from a space mis- 
sion), an orbit around the earth, a point on the sur- 
face of another celestial body, or an orbit around 
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A Necessary Evil 


Space vehicle launch operations make 


necessary modernization of the presently employed range safety 


philosophy. 


another celestial body. In summary, therefore, two 
different types of target are of interest to an earth- 
bound observer: a point on the surface of the earth 
or a point in space, at which injection occurs into 
orbit, parking orbit, or space trajectory (Fig. 1). 
Consequently, the threats to be considered here 
stem only from malfunctioning vehicles. All kinds 
of malfunction create such threats. For instance, 
propulsion may stop prematurely, or the propulsion 
ofan upper stage may fail to start. The threat from 
such malfunctions would manifest itself in possible 
impacts on, or in the neighborhood of, a line in flight 
direction, the so-called locus of instantaneous ;mpact 
points. This is a line (often referred to as the ‘‘IIP 
line’) connecting points on the surface of the earth 
which would be impact points of an otherwise per- 
fectly normal vehicle if its propulsion were ter- 
minated prematurely at any arbitrary time (Fig. 1). 

Other malfunctions which influence the vehicle 
attitude, and consequently the orientation of its 
velocity vector, can cause deviations from this IIP 
line to various degrees. Possible impact points for a 
conventional ballistic missile are confined to a 
roughly circular area around the launcher with a 
tadius equal to the maximum range this vehicle is 
capable of achieving. The impact probability den- 
sity, however, will vary considerably over this area. 
It can be expected that in any case it will be largest 
along the IIP line and it will decrease in some 
fashion with azimuth deviation from the IIP line 
(Fig. 2). But it may very also in radial direction. 
The impact probability density for a malfunctioning 


A new philosophy is thus here presented. 


one-stage vehicle, for example, will decrease about 
quadratically with the distance from the launcher if 
the probability of accidental thrust termination is 
considered independent of burning time. 

For multistage vehicles, of course, a_ radial 
cross section through (Continued on page 70) 


Fig. 2. Simplified model for the impact probability density distribu- 
tion of a malfunctioning arbitrary ballistic missile, launched from Cape 
Canaveral. Here it is assumed that the impact probability density 
depends only on, and decreases linearly with, the azimuth deviation 
from the nominal flight line. The target, and the possible scatter around 
it, of a nominally performing missile are not shown. It may be imagined 
that the target lies anywhere on the nominal flight line at a distance 
from the launcher equal to or greater than a given value representing 
the minimum operational range of the missile concerned, and shorter 
than the radius of the model shown. The radius of the model rep- 
resents the maximum range the missile is capable of achieving under 
any circumstances. 
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Fig. 1. 


Missile emplacement with transporter-erector. 


A. THE START of the Minuteman program, an ex- 
tensive transportation study was made to determine 
the most practical and economical means of deliver- 
ing the missile to the launch site and emplacing it in 
the silo. The results of this study dictated an essen- 
tially self-contained, over-the-road vehicle. Known 
as the transporter-erector, this vehicle became the 
basic item of transportation and handling equipment 
in the Minuteman system and greatly influenced 
the design of the rest of the equipment. 


Highway Design Criteria 


Included in the study was a survey of existing 
highways and bridges, as well as legal restrictions 
and permit limitations on highway travel in the 
Midwestern states. The total payload to be carried 
(approximately 73,000 Ibs), which includes the 
missile without re-entry vehicle, engine harnesses, 
base adapter ring, and miscellaneous hoisting com- 
ponents, approximates the legal highway gross 
weight limitations in most states. Since the loaded 
vehicle then would exceed all state legal gross weight 
limitations, criteria to permit movement over an 
adequate percentage of highways and bridges by 


Mr. Drakeley has been Chief of the 
Base and Mechanical Ground Support 
Equipment Design Section for the Minute- 
man Project at Boeing since activation of the 
program in the fall of 1958. He received 
a B.S. degree in mechanical engineering at 
Oregon State College in 1939. Since 
1941, he has been associated with Boeing 
in the design of landing gears, mechanical 
controls, and jet thrust reversers. Mr. 
Drakeley spent 7 years in the Preliminary 
Design Dept. and later headed the design 
group for the Supersonic Wind Tunnel. 
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Minuteman 


George T. Drakeley, AFIAS 
The Boeing Company 


special permit were established to serve as bases for 
design. These highway criteria are as follows: 

(1) Maximum total gross weight, 108,000 Ibs. 

(2) Maximum axle loading, 18,000 Ibs. 

(3) Axle group loading and spacing to meet the 
California Highway Department purple curve. 

(4) Minimum spacing between tractor axle group 
and trailer axle group, 30 ft. 

(5) Turning capability to permit negotiating a 
90-deg intersection of two 32-ft wide roads. 

(6) Normal height not to exceed 13 ft 6 in. with 
the capability of achieving a roadable height not to 
exceed 12 ft 6 in. under controlled speed and road 
roughness conditions. 

(7) Articulation clearance between the tractor 
and container adequate to permit approaching a 17 
percent ramp. 

(8) Overall width not to exceed 10 ft. 


Transporter-Erector Design 

In addition to these highway criteria, additional 
criteria were established : 

(1) Structural stiffness to prevent overloading the 
missile as a result of deflection. 

(2) Environmental control to maintain a missile 
temperature of 80° with design ambients of minus 
35° to plus 115°. 

(3) Integral emplacement system. 

(4) Emplacement capability under wind condi- 
tions of 45 mph. 

Container stiffness and spring constants for tires, 
tractor, and trailer suspension and harness suspen- 
sions were computed to obtain a system related to 
missile stiffness to prevent overload of the missile 
engines and interstage structure. 
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Missile Transportation System 


>» How can the missile be delivered to the launch site? 


>How can it be placed into a silo? 


The transporter-erector provides an economical answer to both questions. 


In order to meet the 108,000-lb gross weight 
limitation, a weight budget was established for each 
of the major components—tractor, rear carriage, 
container, and emplacement system. Close design 
control and, to some extent, departure from normal 
design approaches for this type of equipment were 
necessary to meet the weights. 

Fig. 1 shows the use of the transporter-erector for 
placing a missile in a silo. The rear carriage is tied 
down at the site and the container erected. This 
carriage forms a stable platform. The container 
pivots about a hinge and erects to approximately 89 
deg from the horizontal. The hoist system then 
travels approximately 15 in., moving the missile 
away from its harnesses. In this free position the 
missile is supported as a pendulum by hoist rods 
from the base adapter ring. The missile is stabilized 
at the top by a ring connecting to the hoist rods. 


Fig. 2. Cutaway 
mockup of the trans- 
porter - erector con- 
tainer with prototype 
tractor and rear car- 
riage. 


From this suspended position, the missile is lowered 
into the silo. 

The low profile of the tractor and its relationship 
to the container is shown in Fig. 2. The hoist is 
housed in the forward end of the container. Hoist 
rods can be seen through the cutaway mockup. 
Power take-offs on the tractor transmission are 
used to drive hydraulic pumps providing power for 
the emplacement system. 

The container environmental conditioning system 
utilizes heat rejected by the engine as the heat 
source to maintain missile temperature. 

The transporter-erector is currently undergoing 
qualification tests. Fig. 3 shows an erected container 
during life cycle tests. Qualification testing will 


also include rough road tests, railroad piggyback 
operation, environmental control, and missile han- 
(Continued on page 78) 


dling and emplacement. 
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l FEEL very much like the commencement speaker 
for a high school graduation exercise. On such an 
occasion, the speaker is expected to deal with the 
future and its opportunities in glowing terms, indi- 
cate and minimize the obstacles that will surely be 
encountered, and issue a stirring challenge for the 
future. 

The Aerospace Industry has, in my opinion, 
reached that critical stage comparable to graduating 
from high school. Insofar as Space is concerned, the 
industry isn’t even that far along. The Aerospace 
Industry does not have a single commercial space 
product or service on the market. Therefore, if we 
are to develop fully the potential of this “‘teenager,”’ 
we must determine a sound program for the future 
in accordance with the best business and management 
policies. 


Growth of Aerospace 


For all practical purposes, I consider that the Aero- 
space Industry suddenly became an adolescent on 
October 4, 1957 when Sputnik I was launched by the 
Soviets. Since that time, we have witnessed phe- 
nomenal growth in our space requirements and capa- 
bilities. A recent unofficial estimate puts the aero- 
space market for fiscal 1962 at a fantastic $17.9 bil- 
lion. Almost $5 billion of this total is for aerospace 
research and development programs in the Depart- 
ment of Defense and NASA, of which $2 billion 
will be spent for research and development in space 
programs. Within a short span of 5 years we have 
witnessed the growth of this infant into a sprawling 
uncoordinated teenager still subject to growing 
pains, and not fully aware of what lies ahead. 

Growth of the Aerospace Industry has been tre- 
mendous. Based on the record to date, many 
people have predicted the trend will continue and 
that in the not-too-distant future a space industry 
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DEMOCRACY 


will occupy the same national prominence that the 
automobile industry has today. I think it is un- 
realistic and wishful thinking to believe that a new 
space industry will reach 10 percent of our Gross 
National Product (GNP) or about $50 billion in 
the near future. Our total defense budget, which 
includes thousands of items in addition to missiles 
and space projects, is only about $43 billion. The 
space business to date has been essentially all re- 
search and development in the sense that reliable 
operational systems are few and far between. A 
very large portion, as high as 30 to 50 percent, of 
our major space programs involve research and de- 
velopment as compared to hardware procurement. 
Research and development, while essential, is only 
a means to an end for something useful. And some- 
thing commercially useful must be developed for 
space if the industry is to prosper and grow. There 
is an end in sight to the missiles and planes that are 
needed for our deterrent capability. 


Era of Exploding Technology 


As we move ahead in this era of exploding tech- 
nology, research and development is our manifest 
destiny. The impact wrought by this young giant 
knows no boundaries, and deals harshly with those 
who linger along the wayside. No segment of our 
daily life is now immune to the influence of science 
and its products. 

National policies of retaliation and deterrence re- 
sulted from consideration of future research and de- 
velopment capabilities. The first nation to de- 
velop successfully an effective defense against the 
intercontinental ballistic missile will, for a time, 
enjoy a definite strategic and political advantage. 
We know that the USSR recognizes the advantages 
and need of such a capability and now has a large 
active program to develop an anti-ICBM defense 
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The [AS-Army Aviation Meeting address presented here, while given well after the 


deadline for this Aerospace Support Issue, revealed itself as an unusual target of 


opportunity. 


to our theme, as well as to the industry as a whole. 


Virtually unedited, it is published because of the obvious applications 


It is recommended 


reading for those who can benefit from some serious thinking by a top 


Government official with extensive technical and business experience. _—« EDITOR 


Mr. Morse was appointed Assistant Secre- 
tary of the Army for Research and Develop- 
ment last March 3 after almost 2 years as 
Army Director of Research and Develop- 
ment. In his new position, he will have in- 
creased authority and broader responsibili- 
ties, including procurement for R&D purposes. 
Associated for many years with the Nation's 
defense effort, he is recognized as a pioneer 
in the field of high-vacuum technology and 
as a technical executive with extensive ex- 
perience in organization and management 
of business ventures. He has been President 
of Columbia National Corp., NRC Equipment Corp., Minute Maid Corp., 
Vaculite Corp., and Vacuum Metals Corp., as well as having held 
directorships in New Enterprises, Inc., and Escambia Chemical Corp. 
He received the Distinguished Civilian Service Award this year. 


system. So today, and we can expect this to be 
more so in the future, national security policy is 
influenced by research and development. Never 
before has the country had such a need for close co- 
ordination of our national security policy with 
present and future military posture based on a careful 
appraisal of our relative positions in a rapidly chang- 
ing world of technology. 

Within the Department of Defense, future space 
roles and missions of the individual Services are 
being determined, directly or indirectly, by the as- 
signment of new research and development programs. 
A change in role or mission of a service after a new 
weapon system and concept has gone through the 
R&D phase is costly in time and money, hence is not 
likely to occur. The directive recently issued by the 
Secretary of Defense, assigning development re- 
sponsibilities for projects in space, illustrates the 
impact of R&D upon the roles and mission of the 
services for the future and emphasizes the need for 
early effective decisions in this expanding and costly 
area of activity. 

All three services in the Department of Defense 
recognize the growing importance of research and 


development and each now have an Assistant Secre- 
tary for Research and Development. Both the 
U. S. Army and the U. S. Air Force have recently 
(April 1961) taken steps to increase the effectiveness 
of their R&D organization. The authority for the 
Army Assistant Secretary for Research and De- 
velopment is, under a recent Army general order, 
clearly separated from logistics; and he now has re- 
sponsibility in the R&D field for procurement, re- 
search, development, test and evaluation. Each 
service ultimately needs a centralized R&D struc- 
ture in which research and development is organized 
by technical areas, and in which a single authority 
has responsibility for the development and initial 
procurement of our more complicated systems and 
advanced research projects. Such a management 
structure would be welcomed by industry, par- 
ticularly as the developing firm would normally be 
awarded contracts for initial production. 


Talents and Instrumentation 


The scientist and the engineer have been instru- 
mental in bringing about this era of exploding tech- 
nology, and as the pace increases they face chal- 
lenges beyond the boundaries of science and en- 
gineering. Their greatest obligation to the country 
is to be objective at all times. They must not ad- 
vance parochial views based upon inadequate re- 
search or selfish motives. Our scientists and en- 
gineers must make their talent available to our 
country whenever and wherever needed. The fact 
that a man is a scientist or engineer by training or 
reputation does not necessarily mean that he is also 
competent to manage and divert programs. This 
country, as never before, needs technical manage- 
ment talent—talent that is also willing and eager to 
work in cooperation with our talented and dedicated 
military people. They are (Continued on page 79) 
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Application of Operations Research for Site 
Planning Facilities Support 


Phillip J. Daniel 
Daniel, Mann, Johnson, & Mendenhall 


Tue APPLICATION of mathematical techniques to 
planning gives a means of analyzing planning and 
preproving architectural and engineering design con- 
cepts. The word concepts is important in this con- 
text because it implies a wide variety of choices 
available to designers. The mathematical tech- 
niques employ methods of straightforward linear 
mathematics, some algebra, calculus, and other asso- 
ciated operations research techniques. 

Historically, the traditional method of developing 
concepts for large-scale facilities, master plans, site 
plans, large industrial works, or military-complex 
installations has generally employed the following 
approach consisting of four basic steps: 

(1) Conscientious gathering of criteria require- 
ments for the project by an individual or group of 
individuals—experienced or otherwise. 

(2) Consideration of limiting factors on the con- 
trol of concept designs, such as land areas, cost 
limitations, time elements, etc. 

(3) Study of the criteria and factors by a senior, 
experienced planner, who develops a ‘‘conceptual 
feeling’ for the project, eventually leading him to 
the drawing board and the rough-sketch period. 

(4) Development by a senior designer, along with 
others, of 30, 50, or perhaps hundreds of sketches on 
flimsy paper until he intuitively recognizes one or 
more of the concepts to be sufficiently good to war- 


The author gratefully acknowledges the valuable assistance 
of Ralph W. Allen, MIAS, Senior Operations Research Scien- 
tist and Assistant Head, Space Systems Branch, of the System 
Development Corp., Santa Monica, Calif., on certain mathe- 
matical approaches and choices evident here. Mr. Daniel 
and Mr. Allen have worked together on other operations re- 
search efforts, including the education field. Ed. 
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rant concentrated additional development for final 
designs. At no time is there a formal testing of the 
validity of designs. 

This is the common process used today. It has 
been used for the last 2,000 years! Results are nor- 
mally quite satisfactory, depending on the talents 
and training of the designer-planner. However, 
much time and money are wasted producing unusable 
and unsatisfactory ‘“‘cut and try’’ designs while 
searching for practical solutions. More significant, 
however, there is no proof of “‘what was done’”’ or 
“why it was done,” or what finally determined the 
so-called ‘‘good solution’ by the designer. Such 
verification is not available because the bulk of the 
original working sketches previously developed were 
thrown into the waste basket and destroyed as the 
approach to the final design proceeded. Indeed, if 
these were saved, they would still provide no proof! 

This lack of proof is not only unfortunate, but 
dangerous; therefore, this paper presents a method 
of making use of suitable mathematical techniques 
to pre-analyze and pre-evaluate the various factors 
important to design solutions, and to analyze and 
record these evaluations before preliminary design 
layouts are commenced. The process often involves 
the “‘weighting” of selected factors in accordance 
with their importance. This is followed by using 
these factors in one or more series of equations or 
formulas which, when solved, will assist in the early 
elimination of obviously unacceptable schemes if 
results so indicate. Of utmost importance, it gives 
a retainable record of why and how the designs and 
solutions used were arrived at and found to be 
acceptable. It thus provides evidence and proof of 
the reasoning which led to the final solution. 
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“A method of making use of suitable mathematical techniques to pre-analyze and 
pre-evaluate the various factors important to design solutions, and to analyze and 
record these evaluations before preliminary design layouts are commenced." 
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e and 
design 
volves Problem Approach Mr. Daniel ls Executive Vice-President of 
DMJM, Architects & Engineers. He started 
dance In subjecting physical site/master planning to — 
sin icer in the U.S. Navy, and his persona 
a 2 analysis and scrutiny by mathematical techniques, interest in research and development and 
the : : : advance planning has been the prime mover 
early Pp lanning broken down in its expansion and diversification into the 
nes if six identifiable types of individual problems which space and systems engineering fields. Mr. 
gives (a) are generally common to all site or master plan- 
g 8 7 p degree from the University of Southern 
ns and ning, (b) can reasonably be aided by these mathe- California. His 20 years of experience in 
be : : : planning, design, and engineering have been 
to matical techniques, and (c) are problems to which recognized by the National Council of Architectural Registration Boards, 
roof of : : and he holds professional licenses as architect in California, Nevada, 
these mathematical (Continued on page 81) Kansas, Hawaii, and Japan. 
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FREON SUPPLY HOSE 


ELECTRICAL CONNECTION 
TO BLOCKHOUSE 


= 114 is used as a refrigerant in the Mercury 
Capsule prelaunch environmental control system 
support equipment. Under the strong solvent ac- 
tion of Freon 114, it was found that the rubber- 
lined hoses conforming to MIL-H-5593 used in the 
tubing system of the support equipment released 
oil and contamination which were dissolved into the 
Freon. During functional checkout of the support 
equipment, contamination of the Freon caused clog- 
ging of a filter and contaminated relief valves and 
regulators until the system became erratic in opera- 
tion. 

Prior to launch, and during countdown when the 
capsule is on the booster and the astronaut is in 
position with the hatch sealed, the capsule air-condi- 
tioning system will be inoperative (Fig. 1). During 
this period, ground-support equipment will ‘be in 
operation furnishing the necessary cooling to the 
capsule environmental system and the astronaut’s 
suit circuit. This equipment consists of several 
bottles of Freon 114, a nitrogen bottle, pressure reg- 
ulators, relief valves, gages and the necessary 
electrically controlled valves for remote control opera- 
tion. Freon 114 is forced into the capsule environ- 
mental system evaporator through the capsule 
umbilical connection at rates up to 110 lb/hr, as de- 
manded. The desired degree of cooling is attained 
at the direction of the astronaut via intercom to the 
ground crew in the blockhouse who make the neces- 
sary adjustments to the ground-support equipment. 
Immediately prior to launch, the Freon flow will be 
cut off by controls in the blockhouse and the Freon 
line separates from the capsule as part of the um- 
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McDonnell Aircraft Corporation 


Fig. 1. Launch site installation. 


bilical assembly. Contamination of the capsule 
environmental system evaporator or malfunction 
of the support equipment could seriously affect the 
entire launch operation at a critical time. There- 
fore, it is of utmost importance that pure Freon with 
no additives be used and that the support equip- 
ment be free of any contaminate. 

Tests were performed to determine the compati- 
bility of Freon 114 with various hose materials. 
Following is a résumé of the hoses investigated and 
those tested and the results and conclusions of the 
investigations. 


Buna Compound Hose 


Sample 1 


Using a 10-ft. length of hose as a test specimen 
(Fig. 2), Freon was left to stand in the hose under 
125 psi pressure for 24 hours. At the end of this 
period, the Freon was drained into a beaker. After 
the Freon had evaporated, a measurable amount of 
oil and considerable contaminate remained in the 
beaker. Since all rubber compound hoses are 
manufactured with varying amounts of oil in the 
compound and since the Freon tends to remove this 
oil and distribute it throughout the capsule system, 
it was determined that any rubber compound hose 
would produce similar results. 


Sample 2 


Another buna compound hose was tested. This 
was a hose recommended by the manufacturer as 
suitable for a closed cooling system using Freon 12 
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Compatibility of Freon 114 Used in Mercury Support 


Equipment With Various Hose Materials 


Capsule environmental system evaporator contamination or support 
equipment malfunction could seriously affect launch operations 
at a critical time; thus the need for pure, uncontaminated Freon. 


as a cooling medium since it had a much smaller 
percentage of oil compound in its physical make up. 
This hose was tested for compatibility with Freon 
114 under conditions similar to those to which it 
would be exposed as part of the prelaunch environ- 
mental control system. The results of this test 
showed that a smaller amount of oil was extracted 
from this hose than from Sample 1. Again, a 10-ft 
length of hose filled with Freon 114 was left to stand 
for 24 hours. At the end of this period the Freon 
was drained into a beaker. After the Freon had 
evaporated, an oily film and a small amount of con- 
tamination was left in the beaker. This small 
amount of oil and contaminate was considered to be 
more than could be tolerated in the ground support 
equipment. 


Compar Hose 
The compar hose is physically a polyvinyl alcohol 


Mr. Stormer is Assistant Manager of Sup- 

port Engineering at the McDonnell Aircraft 

Corporation. His engineering work has in- 

cluded support equipment design on the F3H 

Demon, F101 Voodoo, F4H Phantom Il and he 

is currently working on the Mercury Project. 

4 After receiving a B.S. degree in Aeronautical 

y Engineering, he took a position with North 

y American Aviation and later with Curtiss 

i Wright before joining McDonnell. His en- 

gineering experience has covered hydrau- 

lics, pneumatics, power plant and fuel system 

installations. While at McDonnell, he has 

been in charge of power plant and fuel systems installation on the 
F2H Banshee, F3H Demon and later the F4H Phantom Il. 


resin compound. Upon investigation it was found 
that this hose had excellent characteristics with re- 
gard to its usage with Freon; however, this hose is 
water soluble. Since it could not be guaranteed that 
it would never come in contact with water, it was 
felt that it should not be used for this application. 


Flexible Metal Hose 


Convoluted Stainless Steel Hose 


Flexible metal hose was found to have excellent 
characteristics with regard to its usage with Freon 
114. However, previous experience with this type of 
hose has shown that once it has become contami- 
nated, it is very difficult to clean because of the 
tendency for contaminate to collect between the con- 
volutions. It was decided that guarantee of 
absolute cleanliness was practically impossible for this 
type of hose. 


Teflon-Lined Hose 


A 10-ft length of Teflon-lined* hose was subjected 
to Freon 114 under 125 psi pressure for 24 hours. 
This hose was found to possess excellent characteris- 
tics in that the Freon did not become contaminated 
in any way. However, the Freon was permeable in 
the Teflon hoses (Fig. 3). Tests showed that the 
permeability rate of Freon 114 in the sample tested 
was about 0.25 cc/hr at the operating pressure of 
the prelaunch cooling system. This permeability 
rate was felt to be so slight (Continued on page 84) 


*Du Pont trade name for tetrafluoroethylene. 
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Aerospace Support 


Support of Fire Control! Reliability by 
Automatic In-Flight Evaluation 


Stuart T. Belden 


Arma Division, American Bosch Arma Corporation 


te OPERATING PERFORMANCE Of the fire control 
system carried on the B-52 intercontinental bomber 
is now assured with the installation of attack- 
simulating evaluators. 

Simulation generally implies the synthetic duplica- 
tion of operating conditions at a ground installation. 
In the instance of evaluation equipment developed 
for the U.S. Air Force by the Arma Division, Ameri- 
can Bosch Arma Corporation, simulation means the 
duplication of enemy aircraft attacks in the form of 
phantom targets, with these attacks taking place at 
altitude under the same conditions as those imposed 
by combat. Specifically tailored to the near-space 
environment of the B-52, the techniques used are 
equally applicable to the conditions of outer space. 

The evaluators impose on the system, or operator, 
problems of attack more realistic than can be dupli- 
cated by the usual practice planes. They permit 
actual gunfiring against the phantom attackers and 
record the actions of both man and machine for later 
analysis and correction on the ground. When 
applied to problems of outer space, the actions would 
be ground recorded by a suitable data link. 

Such evaluation equipment provides a precise yet 
simple means for assessing the peak operating per- 
formance of the B-52’s tail defense system, as well 
as the proficiency level of the operator of the system. 
Because restrictions of space within the vehicle pre- 
clude carrying along an observer, all actions taken by 
the gunner and the reactions of the system in defense 
of the aircraft are recorded on a time base so that 
effectual analysis may be made. 

This equipment, fully accepted for operational use 
and being manufactured in quantity, has significantly 
reduced Air Force training and maintenance costs. 
Heavy expenditures for fighter aircraft, tow targets 
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and drones for training purposes can now be elimi- 
nated. On any normal flight, the B-52 gunner may 
subject himself or his armament system to the rigors 
of a series of attacks fully representative of any 
patterns that might be inflicted by the enemy. Of 
further importance in promoting economy, the evalu- 
ation equipment serves to check out the fire control 
system under actual operating conditions in a matter 
of seconds, while a corresponding ground test would 
consume 20 hours with questionable results. It is 
likewise quite evident that this type of training may 
be conducted without endangering the safety of the 
crew, or airplane. 

At the desire of the Air Force, the evaluation 
equipment has been made in two separate packages 
for alternative use on any one aircraft. One unit 
encompasses the components for system evaluation, 
the other for evaluation of the gunner (Fig. 1). A 
combined unit is feasible with practically no sacri- 
fice in weight or volume since the majority of the 
components are common to both designs. Each 
type is comprised of a selector switch located within 
reach of the gunner and a remote unit consisting of a 
programer (Fig. 2), a recorder and a group of special- 
purpose amplifiers. 


Trackshot Technique Used 


The system evaluator determines the ability of the 
fire control system to follow a moving point in space, 
to fire against this point and to hit it with lethal 
accuracy. The function is accomplished by pro- 
graming prescribed target attack courses into the 
fire control system, thereby causing the system’s 
computer to establish the proper lead angle, and then 
closing the firing circuit at the proper instant. As 
the projectiles are fired, the radar system tracks the 
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“Potential applications of this evaluation equipment extend to any radar- 


controlled, gunlaying fire control system. 


The techniques are also 


applicable to shipboard and land-based heavy gun systems.” 


projectiles into space. At the predetermined point 
in space where the boresight measurement is to be 
made, the radar echo signal from the projectiles is 
recorded as they pass through a fixed range gate. 
The whole operation is automatic. Since the track 
antenna boresight line should coincide with the gun 
line of sight at the end of the projectile time of flight, 
the radar error signal becomes a measure of the bore- 
sight error. Ground maintenance crews utilize these 
data to reduce the error to zero by recalibrating and 
harmonizing in accordance with the now established 
error. 


An associated unit (Fig. 3), which may be op- 
tionally installed with the evaluator, accepts the 
voltage representing boresight error and transmits 
a bias to the track antenna system to offset the 
antenna in a direction and angle to reduce the error 
to zero. This operation, known as automatic aerial 
harmonization, provides quick overall error com- 
pensation. However, analysis of the recording will 
show if any portion of the system is a major con- 
tributor to the error and, therefore, requires special 
maintenance attention. 


The operator evaluator checks out the gunner’s 
level of skill in using the full capabilities of the fire 
control system against an attacking aircraft. The 
function is accomplished by programing the co- 
ordinates of actual attacks into the fire control sys- 
tem so that signals appear in a completely realistic 
manner on the radar indicator. These signals, as 
blips of light, move across the indicator screen in the 
flight pattern of the attacking fighter. The gunner 
acquires, locks onto and fires against this phantom 
target as he would in actual combat. His numerous 
actions in operating the system are recorded as they 


Two adjacent helical cams. 


take place. Simultaneously, since the target courses 
are pre-established and the action that should be 
taken by the gunner at any instant is known, the 
correct gunner actions are also recorded. This 
permits assessment of his operating skill by direct 
comparison between the required and actual gunner 
responses. 


Evaluation by Basic Modes 


From a functional viewpoint, the operation is 
separated into the three basic modes of search, 
acquisition, and track. In (Continued on page 92) 


A licensed professional engineer in New 
York State, Mr. Belden was graduated from 
Rensselaer Polytechnic Institute with an E.E. 
degree. As head of Airborne Projects, he 
supervised the development of airborne 
evaluation equipment reported this 
paper. Most of his engineering career has 
been associated with military servosystems, 
especially in the fire control field. In World 
War Il, Mr. Belden designed several types 
of electric drives for aircraft gun turrets and 
computing sight control systems. At Arma, 
he has been a project manager on the B-52 
fire control system, shipboard gun mounts and directors, high-speed 
fuze setting systems, advanced heavy weapons systems, high-intensity 
searchlights, and associated support equipment. 
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is an expression coined to describe 
a miniature tape-recorder system which was adapted 
for airborne use as a flight-test data-gathering device. 
The Mini-Recorder system was devised at the 
United States Naval Missile Center, Point Mugu, 
Calif., for a particular application where equipment 
mounting space and installation time were at a 
premium; however, the system is adaptable to 
most instrumentation problems where an in-flight 
recording system is applicable, and where the en- 
vironment and data frequency requirements are com- 
patible with the system. 

Flight-test problems occasionally arise when it is 
necessary to instrument an aircraft system in a mini- 
mum length of time, and when available space for in- 
strumentation equipment is practically nonexistent. 
These problems are particularly pressing with 
modern jet fighter-type aircraft, where it appears to 
the flight-test specialist that the concept of aircraft 
design is to wrap an airframe around the engine, fuel 
tanks, and electronic equipment, then dig out a hole 
for the pilot and the radar operator. Creation of an 
instrumentation equipment mounting space thus 
practically entails the time-consuming job of rebuild- 
ing the aircraft. 

The particular problem which led to the develop- 
ment of the Mini-Recorder system was the difficulty 
of locating instrumentation mounting space and the 
time available to create equipment space in the 
F4H-1 aircraft assigned to the United States 
Naval Missile Center for the purpose of evaluat- 
ing its missile weapon system. In the F4H-1 air- 
craft, without extensive modification (including re- 
moval of one of the fuel tanks), there is no available 
space for a conventional airborne recording system, 
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Aerospace Support 


J. B. Renfro 
U.S. Naval Missile Center 
(Point Mugu) 


Mr. Renfro, an Electronic Development 
Technician at the U.S. Naval Missile Center, 
Point Mugu, Calif., began his electrical 
career in 1942 after completing a Navy 
service school course of training at the Texas 
A&M College. During the past 10 years Mr. 
Renfro has been associated with the system 
design and coordination of the Navy's instru- 
mentation installations in the Sparrow | and 
Ill missiles and aircraft systems at Point 
Mugu. His current position is with the 
Instrumentation Research Division, Aero- 
Space Operations Department, where he 
serves as the cognizant instrumentation engineer over the F3H and 
F4H aircraft and Sparrow Ill missile instrumentation systems. 


and the routing of necessary wiring is difficult and 
time consuming. 

The greatest difficulty in evaluating two complex 
and interdependent systems (the aircraft and missile 
systems) arises when there is an electrical failure in 
one of these systems—the difficulty of determining 
whether the failure occurred in the missile or in the 
aircraft fire-control system. Since it is not always 
possible to instrument all components of each missile, 
and since the evaluation program is concerned pri- 
marily with the aircraft rather than with a proved 
missile system, the following information on the air- 
craft missile fire-control system is needed: (1) air- 
craft position relative to the target, (2) whether and 
when the aircraft radar has locked onto the target, 
and (3) whether all necessary launch-sequence sig- 
nals are generated and sent to the missile. This in- 
formation is recorded in the F4H-1 aircraft through 
photography and the Mini-Recorder system. A 
camera on the front canopy records the pilot’s instru- 
ment panel presentation of air speed, altitude, and 
gyro horizon, when light conditions permit. Also, a 
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The Mini-Recorder System 


“The Mini-Recorder system was designed to have structural and electrical characteristics 
that would permit its installation near the data points to be monitored and 
would make it accessible to the aircraft's radar operator. . . Additional 


aircraft power provisions were not required.” 


photographic system is used to record the radar op- 
erator’s scope display. Data required but not avail- 
able through photography are the aircraft firing-cir- 
cuit information, range to target, closing velocity 
(Vc), and recordings of the pilot’s voice annotations 
and of intercommunications between the pilot and 
the radar operator. Prior to the adaptation of the 
Mini-Recorder system, other systems of recording 
data were considered. The firing-circuit information, 
consisting of 28-volt d.c. power functions, could have 
been monitored by the use of low-current meter 
fuses, but this would have required the continual 
checking and replacing of blown fuses. Ground re- 
cording of the voice communications was ruled out as 
aprime data-gathering source since it would have en- 
tailed unnecessary congestion of the radio channel. 
It was therefore necessary to record this information 
in the aircraft. 

The pilot’s instrument panel contains a bundle of 
information on engine performance and flight status, 
and is being photographed. During aircraft flight 
evaluation, however, much of the information thus 
obtained is superfluous to the information desired. 
The installation of additional meters on the instru- 
ment panel for monitoring Vc and range data was 
considered but was not found acceptable because of 
uncontrollable lighting conditions and the fact that 
little instrument panel space was available. In view 
of these inadequate methods of monitoring desirable 
information, the Mini-Recorder system was designed 
to have structural and electrical characteristics that 
would permit its installation near the data points to 
be monitored and would make it accessible to the air- 
craft’s radar operator. The system was also de- 
signed to require such a low drain on the aircraft 


28-volt power system (75 milliamp) that additional 
aircraft power provisions were not required. The in- 
formation presently recorded by the Mini-Recorder 
is range, Vc, firing-circuit (Continued on page 85) 
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Fig. 2. Individual data converter circuit diagrams and power voltage 
regulator circuitry. 
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Corrosion Problems Encountered in 


Silo Storage of Missiles 


Leo E. Gatzek, Aerospace Corporation 


— OF combat-ready missiles in concealed, 
hardened underground emplacements is a strategic 
concept for implementing the America-NATO de- 
fense posture based on the United States policy of 
deterrence and retaliation. This means, simply, the 
capability of striking back effectively after an 
enemy attack. Any weapons system, therefore, 
must be protected from external destruction. There 
are three basic ways of accomplishing this objec- 
tive—hardening, dispersion, and mobility. This 
paper is concerned with the first. 

Liquid fueled rockets, such as Titan, and solid 
propellant missiles, such as Minuteman, will be 
stored in silos in a state of constant alert, with only 
go-no-go checkout and fuel top-off to be completed 
prior to elevating and launching. The silos will be 
hardened to withstand high external blast pressures, 
as will also the control points. Every silo and con- 
trol point will be secure from anything but a direct 
hit of a nuclear warhead. Each of the silos will be 
weathertight. 

This necessary preoccupation with external pro- 
tection, however, must not obscure one vital internal 
consideration—the missile must be preserved in the 
excavation environment. Furthermore, regardless 
of the time in storage, the weapon must remain 
substantially invulnerable to corrosion. Corrosion, 
or chemical deterioration, assumes many insidious 
forms and can render a missile inoperative as effec- 
tively as a direct hit. 

For purposes of this paper, corrosion is defined as 
any type of deterioration caused by the environment, 
or contributed to by it. This is a much broader 
definition of corrosion than is normally encountered. 
Whether mention is made concerning the rusting of 
metal (which everyone would accept as corrosion) 
or the weakening of a plastic laminate through the 
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capillary action of moisture following the exposed 
glass thread, all such reactions of the missile to its 
environment are lumped broadly under “‘corrosion.” 

To ensure reliability, a missile will literally have 
to be preserved in silo storage. Components of 
both the missile and the silo support equipment must 
be exercised periodically. Subsystems and com- 
ponents must be given checkout tests on a periodic, 
perhaps automatic, basis. Many of the guidance 
system components and other electronics will be 
sealed hermetically in pressurized inert atmosphere. 
However, when the missile is considered in its en- 
tirety, the electrical-electronic elements represent 
only perhaps 50 percent of the possible sources of 
unreliability. 

Structural elements cannot be activated, and it 
may be difficult to provide access to many vital areas 
for periodic visual inspection. Mechanical parts 
will not be maintained in motion, and will be cycled 
only to a limited degree. 

Steel, aluminum, magnesium, copper, adhesives, 
reinforced plastics, rubber, elastomers, potting com- 
pounds, platings, coatings, and corrosion-preventive 
finishes are all susceptible to eventual attack if a 


Mr. Gatzek received a B.S. degree from the 
University of Chicago and has completed 
graduate courses at the University of Chi- 
cago, Armour Institute of Technology, Mas 
sachusetts Institute of Technology, and the 
University of California. He became os 
sociated with the Aerospace Corporation in 
August 1960 after several years with Space 
Technology Laboratories as head of Mc 
terials Engineering. Prior to that, Mr 
Gatzek was head of the Materials Lab. in 
the Pacific Division of Bendix Corp. He 
holds memberships in the American Welding 
Society, American Society for Metals, and the Metallurgical Society of 
AIME, and is a registered professional engineer. He also is on the 
faculty of the engineering departments of Los Angeles City College 
and Valley College. 
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A review of 
@ Corrosive atmospheres 
@ Preventive measures 
@ Detection techniques 


SINCE PREPARATION of this article, several serious fail- 
ures of stainless steel weldments have occurred in silo 
installations after encountering corrosive media. All 
were attributed to several carbide precipitations that 
resulted from both improper welding technique and 
unsuitable chemical composition of the parent metal. 
Precipitated carbides render the material extremely 
sensitive to subsequent stress corrosion. Fortunately, 
ineach instance, the incorrect procedures and alloy selec- 
tion actually caused the welded joints in the large di- 
ameter stainless steel tubing to fracture completely in the 
heat-affected zones so that immediate detection and re- 
placement was possible. Too often, such deleterious 
effects are time and environment dependent, and the 
progressive deterioration of the affected components is 
not revealed until they are in service. Thus, stainless 
steel liquid oxygen fill systems can fail catastrophically 
after apparently remaining in excellent condition for 
years, when suddenly exposed to the thermal shock of 
lox loading just when reliability of the missile becomes 
critical. 

Optimum welding techniques and specific chemical 
modifications of the austenitic stainless steels are 
mandatory for reliable weldments. Typical of such 
compositions is the low carbon Type 304 ELC. With 
a maximum of 0.03 percent carbon tolerated, carbide 
precipitation during welding and the accompanying 


corrosive environment is permitted to exist. 

From the moment a missile is placed in an en- 
vironmentally unprotected silo, deterioration com- 
mences. Missile reliability—i.e., the individual and 
collective reliability of each and every one of its 
parts and components—declines as deterioration 
progresses. Environment within the silo must be 
controlled to the degree that obviates this aging 
process. The sources of the deterioration will have 
to be determined in advance, remedial measures 
sought, and every action taken to anticipate and cor- 
tect through environmental control. 


embrittlement or “‘sensitization’’ are, thus, minimized. 

Sensitization, as the formation of intergranular 
chromium carbides is known, can occur in varying de- 
grees in most austenitic stainless steels. The severity 
of sensitization depends on (1) the carbon content of 
the alloy and (2) exposure time in the 900 to 1,500°F 
temperature range. Such exposure occurs automatically 
in the heat-affected zone adjacent to weldments as the 
molten weld metal pool solidifies. 

This deleterious effect of carbide formation (and their 
subsequent migration to the grain boundaries) is 
minimized by additions of titanium (Type 321), colum- 
bium (Type 347), and molybdenum (Types 316 and 
317) which react preferentially with carbon to form more 
stable carbides than chromium. Lowering the carbon 
content to 0.03 percent maximum, as in Types 304 
ELC and 316 ELC, also reduces the availability of 
carbon for the chromium carbide precipitation. 

Another highly undesirable effect that often ac- 
companies welding of the austenitic stainless steels is 
formation of the sigma phase at temperatures between 
1,350° and 1,650°F. Composed of iron and chromium, 
the sigma phase is hard and glasslike, and makes weld- 
ment brittle and deficient in toughness as the tempera- 
ture decreases. Table 3 indicates the effect of sensi- 
tization and sigma phase formation on the toughness 
of some unstabilized and stabilized stainless grades. 


Moreover, conflicting conditions may exist. 


completely dry atmosphere will prevent deterioration 
But this same “‘protection’’ could 
be a source of deterioration for cellulose products 
which require a degree of moisture to retain their 


of metal parts. 


form and shape. 


It is imperative that maximum reliability be main- 
tained for some minimum period of time. Thus fac- 
tors which are also functions of time must be care- 
fully considered. ‘Parameters of this class include 
creep and certain metal- (Continued on page 87) 
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Aerospace Support 


Hawk Hydraulic and Electromechanical 
Field Maintenance Equipment 


Theodore Jacobsohn and Henry A. Matarazzo 


Kidde Electronics Laboratories, Walter Kidde & Company, Inc. 


Final design of the hydraulic test shop includes (1) hydraulic console, (2) heat exchanger, 


(3) air compressor and reservoir assembly, (4) degreaser 


and accumulator test console, and (5) portable filtration unit, 


= AND FourTH ECHELON test equipment for the 
Hawk missile system consists of electronic, mechan- 
ical, and hydraulic test equipment mounted in trans- 
portable shelters. Hydraulic and electromechanical 
shops* contain equipment enabling mechanics to per 
form tests and repairs on pumps, valves, filters, cyl- 
inder assemblies, accumulators, pressure gages and 
similar components of the launcher, loader, and other 
support equipment for the Hawk missile. At the 
battery site, malfunctions of major equipments are 
isolated to components by battery mechanics. The 
malfunctioning component is returned to the test 
shops which are semipermanently emplaced at a field 
maintenance site near the firing battery (Fig. 1). 

To test components properly which have been re- 
moved from major assemblies, normal operating 
parameters are simulated. In order to accomplish 
this, components are mounted in holding fixtures 
and connected by hydraulic or pneumatic lines to a 
test console. When the defective component is 
integrated into a simulated system, the mechanic, 
following a defined procedure, is. then able to deter- 
mine the nature of malfunctions, make necessary 
repairs or recommendations for replacement. 

Two primary systems are provided in the hy- 
draulic test shop for simulating normal operating 
conditions, the hydraulic system, and the pneu- 
matic system. Facilities are also available for 
cleaning and degreasing components before and 
after maintenance. The electromechanical test 


* Kidde Electronics Laboratories (of Walter Kidde & Com- 
pany, Inc.), under contract with and the guidance of Raytheon 
Company, Hawk Missile Systems Manager, is building trans- 
portable hydraulic and electromechanical test shops. 
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shop contains a diversified selection of tools and 
standard test equipment permitting a variety of 
repair operations to be performed (Fig. 2). 

The design of the hydraulic test shop was pre- 
dicated upon test specifications available for the 
assigned components. To maintain reasonable test 
equipment configurations, parameters were scaled 
down for components requiring operating ranges 
exceeding those of the majority of components. 

The final design of the hydraulic test shop includes 
the following major items: (1) hydraulic console, 
(2) heat exchanger, (3) air compressor and reservoir 
assembly, (4) degreaser and accumulator test con- 
sole, and (5) portable filtration unit (Fig. 3). 


Theodore Jacobsohn, assistant manager of 


Kidde Electronics Laboratories, Walter 
Kidde & Company, Inc., received his B.S. 
degree from Massachusetts Institute of Tech- 
nology in 1951. Prior to his present affili- 
ation, he was Senior Engineer at Avion 
Division, ACF Industries, and Product Engineer 
at Allen B. Du Mont Laboratories, Inc. Mr. 
Jacobsohn specializes in the design and 
production of electronic, electromechanical, 
and ground support equipment for missile 
and aircraft systems. 


Henry Matarazzo, assistant chief mechanical 
engineer of Kidde Electronics Laboratories, 
Walter Kidde & Company, Inc., received his 
B.S. degree cum laude from Fairleigh Dickin- 
son University. Previous to his current 
affiliation, he held the position of electro- 
mechanical designer at Bendix Aircraft 
Corporation as well as at Curtiss Wright 
Corporation. He specializes in the design 
of aircraft accessories, electromechanical 
equipment, and ground support systems. 
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Hydraulic Console 


The hydraulic console is designed to provide a 
range of flows of MIL-H-5606 oil from 0 to 8 gpm. 
It is also capable of providing static oil pressures to 
6,000 psi through a hand pump system. The power 
system comprises a reservoir, a manually controlled 
variable displacement pump, fine and coarse throt- 
tling valves for pressure control, flowmeters for 
measuring volumetric flow, gages for monitoring oil 
pressure, a manually adjusted system pressure relief 
valve, supply and return ports connecting com- 
ponents under test and a heat exchanger external 
to the console. Auxiliary equipment (Fig. 4) in- 
cludes filters, an accumulator, and relief valves. 

The power input required by the console is 416 
volt, 400 cycle, 3 phase. An electric junction box is 
located on the lower left-hand side of the unit. A 


power input connector and a connector supplying 
power to the heat exchanger are on this panel, as are 
circuit breakers protecting the system pressure 
pump, oil heater, and heat exchanger. 

Control of these units is normally accomplished 
by thermostatic switches in the main oil reservoir. 
One switch permits heater operation at oil tempera- 
tures below approximately 20°F. A second switch 
prevents pump operation below oil temperature of 
0°F. A third switch turns on the heat exchanger 
at oil temperatures in excess of approximately 100°F. 
Normally, the heat exchanger prevents the oil from 
reaching high temperatures; however, as a safety 
factor, a fourth switch in the pump motor circuit will 
shut the pump motor off at oil temperatures in excess 
of 165°F. The electric system is isolated physically 
from the atmosphere inside the console as a safety 
precaution. (Continued on page 90) 


Fig. 1. Exterior view of basic transportable test shop in support of Hawk missile system. Dimensions: 188 in. long, 81 in. wide, 83 in. high. 


Heat exchanger (upper right), air compressor and housing (left) are in operating position. Fig. 2. 
test shop. Shown are work benches with vises, small arbor press, and transformer box. Fig. 3. 


showing console, heat exchanger (upper background), and cabinets. 


Interior view (top insert) of electromechanical 
Interior view (bottom insert) of hydraulic test shop, 
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Operation Non-Routine 


Maintenance Support Trends of Subsonic 


and Supersonic Transports 


‘A plan is implemented to have specific parts, maintenance talent, 
and ground test equipment on hand for corrective action upon arrival of the airplane. 
This achieves a planned non-routine maintenance operation.” 


P. A. Hartline, Trans World Airlines, Inc. 


= OF commercial experiences encountered in 
the transition of the air transportation industry from 
piston-powered aircraft to subsonic jet confirms that 
the most challenging aspect for the subsonic and 
supersonic era is what we have called Operation 
Non-Routine. This term, as we are using it, should 
be defined as the means of combating flight inter- 
ruptions and cancellations—i.e., those non-routine 
occurrences which delay or cancel achievement of 
the planned mission. You may ask why flight inter- 
ruptions are more important now than in the past. 
Subsonic jets are twice as large and twice as fast 
as piston transports, which makes their productive 
capacity four times that of each piston-powered air- 
craft. The supersonic. transport. will have twelve 
times the productive capacity as the piston aircraft. 

It is therefore apparent that each flight interrup- 
tion or cancellation will adversely affect production 
over the contemporary piston aircraft by a factor of 
4 for the subsonic transport and 12 for the super- 
sonic. 


What acticn was tnitiatel to combat this factor with the 
subsonic je! operation? 


(1) The primary design objective of the airframe 
manufacturers was to meet each requirement with 
a simple design. Since it is so much easier to achieve 
design requirements if one accepts complexity, this 
goal can be attained only by perseverance and in- 
genuity. 

(2) The airframe manufacturers used compo- 
nents with proved reliability wherever possible. 

(3) Laboratory reliability testing was required of 
components prior to acceptance. 

(4) Because of the increase in complexity of the 
systems—i.e., flight control, electrical, electronic, 
navigation aids, instrumentation, structures, etc.— 
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it was necessary to expand airline field technical 
specialist coverage to include a specialist in each of 
these areas. Prior to the jet, only power-plant 
specialists were provided in the field. All of these 
specialists provide 7-day-a-week, 24-hour-a-day 
coverage at major maintenance bases. (TWA pro- 
vides these teams at five stations.) 

(5) Hand-in-hand with the foregoing, it was es- 
sential that better lines of communication be estab- 
lished to accomplish the following: 

(a) Permit utilization of this specialized talent by 
the smaller stations when they encountered non- 
routine problems. 

(b) Permit exchange of experiences, knowledge, 
special techniques, etc., throughout the airline so 
that, if similar conditions occurred at any station, it 
would be prepared to handle the matter in most 
efficient manner—i.e., by non-routine planning. 

(c) Permit utilization of central engineering per- 
sonnel for the ultimate in specialization for field 
assistance when needed. 

(d) Permit timely feedback of repetitive failures to 
central engineering staff for initiation of corrective 
action. 

These needs were met by the installation of a 
private line phone system for maintenance personnel. 

(6) To keep a tight rein on each jet airplane, a 
report via private phone and teletype message to 
each station en route and to the Maintenance Co- 
ordinator in the central region is completed im- 
mediately after each departure. Upon receipt of 
this information, a plan is implemented to have 
specific parts, maintenance talent, and ground test 
equipment on hand for corrective action upon ar- 
rival of the airplane. This achieves a planned non- 
routine maintenance operation. 

(7) Specialized tooling has been developed and 
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utilized on a routine as well as non-routine basis. 
Examples of this tooling are the fuel quantity 
capacitance testor, generator system analyzer, 
Freon control system analyzer, automatic flight 
director system analyzer, and engine power analyzer. 

This equipment is used on a scheduled mainte- 
nance basis to detect, correct, or replace any com- 
ponent within the specific system which has 
deteriorated to tolerances or adjustments out of 
acceptable new component standards. This effort 
periodically rejuvenates the system and has proved 
to reduce the NOM-routine activities by removing units 
prior to complete failure. 

This equipment4§ also a much needed tool for use 
by maintenance personnel in solving system problems 
which do not respond t6 normal treatment. 

How effective have these steps been in meeting 
subsonic aircraft needs? Performance to date has 
shown that daily utilization of the jet has increased 
from a planned 8 hours per@ay to 10.5 hours per day, 
with an increase in mission geliability. This effort, 
therefore, has effected an increase in productivity of 
30 percent with no loss in product reliability. 


What additional action is necessary for the super- 
sonic transport? 


(1) Install automatic in-flight recording instru- 
mentation on critical and expensive components such 
as engines, constant speed drives, generators, ete. 
This is required (a) to provide accurate data to 
assist in trouble shooting and achieving effective 
preventive maintenance, and (b) to relieve the 
flight crew of the need to record these data so that 
their efforts may be directed to other instrumentation 
and associated in-flight checks to resolve the cause 
of any problem. This in-flight analysis will permit 
immediate corrective action by ground personnel 
since data will be known. 

(2) Provide additional instrumentation for major 
systems to permit in-flight diagnosis of malfunctions 
so that ground maintenance personnel can fix system 
solely on information provided. This eliminates 
necessity for time-consuming engine run-ups, flight 
tests, etc. 

(3) Add aircraft provisions for sandwich panel in- 
serts in all complex electrical and electronic circuits. 
The ground instrumentation jeeps which plug into 
these provisions will be designed to check qualita- 
tive and quantitative performance of the function 
of each component—i.e., duplicate shop test re- 
quirements insofar as practical. 


(4) Achieve sound, effective designs initially. Ex- 


perience proves that the design engineer knows 
much about why the system will work but that he 
usually gives little thought to (a) whether fail-safe 
provisions are adequate; (b) what the weak points 
are and what can be done to correct them; and (c) 
how one can check that each component is working 


via a routine maintenance program, or whether this 
can be done more simply. ‘ 

(5) Achieve effective technical specialist training. 
This is a new endeavor and much effort by the air- 
frame company, comporent manufacturers, and air- 
lines will be required well in advance of scheduled 
supersonic jet flights. 

To date, training of the quality and type needed 
has not been available from any source. Technical 
knowledge has been gained through the hard knocks 
of experience—i.e., unnecessary, lengthy, costly 
flight delays. To achieve the needed non-routine 
planning, training must include the following over 
and above present system description training: 

(a) Analysis of system failures by considering each 
component failure separately as to its effect on 
operation of system and instrumentation presenta- 
tion. 

(b) Provision of detailed analysis of units within 
components to develop effective trouble-shooting 
schemes. 

(6) Achieve high level of reliability. Although 
sound design is an essential requirement, quality 
control during component, subassembly, and final 
assembly is the key to achieving reliability. To this 
end, company management will have to create a 
“will to do’”’ by each employee. 

(7) Provide for quick accessibility and replace- 
ability of each component. To achieve this goal, 
work should be initiated now to develop quick- 
operating, stress-carrying panel attachment means. 

(8) Provide tooling and devices such as the follow- 
ing: 

(a) A device which will detect the intermittent 
electrical connection fault such as poor connection 
of a wire splice, cold solder joint, etc. 

(b) A device which will detect metal fatigue or 
physical damage of wire conductor, aircraft cables, 
continuous fire detector elements, etc., without re- 
moval from aircraft. 

(c) Measuring devices which will permit accurate 
airframe determination of transient loads within 
mechanical dynamic units and electrical circuits. 
Too many failures of diodes, landing gear units, 
etc., are encountered which (Continued on page 94) 


Mr. Hartline is Manager of Maintenance 
Engineering for Trans World Airlines, Inc. 
He has a B.S. degree in aeronautical 
engineering from New York University 
(1946). Prior to joining TWA, he served as 
a maintenance officer in the Air Transport 
Command during World War Il and as a 
Design Engineer for Republic Aviation. He 
has broad technical experience in the design 
of aircraft mechanical systems and, in his 
present position, directs the Maintenance 
Engineering activities for the complete 
airframe. 
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The Columbus Division of North American 
Aviation is one of the most complete centers 
of advanced systems technology in the world. 
Much of the progress in our modern technol- 
ogy was pioneered in the extensive facilities 
operated by the Columbus Division. Here 
practical production evolves swiftly from 
original concepts. Economy through effi- 
ciency is the constant theme. This is true 
systems management capability...this is the 
Columbus Division. 


COLUMBUS DIVISION OF zs 
NORTH AMERICAN AVIATION 


Columbus, Ohio 


THE BIG “EAR.”” World’s largest radio telescope reflectify/s 
six hundred feet in diameter, is being built by Columbitie 


A3J VIGILANTE. Navy’s A3J set a new world’s record, fly- 
ing to 91,450 ft. carrying a payload of 2,204 lbs. The ver- 
satile, carrier-based A3J can perform high or low level for the Navy in Sugar Grove, W. Virginia. Columbus Bak 
missions in any weather, from any attitude, day or night. also building a complete antenna system for the USAMne] 
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NAA-Columbus 


WO-IN-ONE TARGET MISSILE. New target missile NA-273 can carry out high- 
pr low-level missions equally well. It performs from ground level to 60,000 feet, 
und from subsonic through Mach 2. Under development for the Army by the 
olumbus Division, it is launched by a rocket, and powered in flight by ramjet. 


pe reflecto /STOL FACILITIES. New six-degree-of-freedom flight simulator is part of facil- 
y Columbiitties set up by Columbus Division to study requirements of vertical and short 
a tkeoff and landing aircraft design and development. Other v/STOL facilities 
the USAlinclude low-speed to transonic wind tunnel and unique lightweight ejection seat. 
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Titan Facilities 
(Continued from page 11) 


the missile; a portal which is the prin- 
cipal means of egress and ingress; and 
two antennas which provide for the 
guidance of the Titan during its powered 
flight. These structures are all buried 
below the surface of the ground and are 
interconnected by means of steel tun- 
nels (Figs. 1 and 2). 

When these complexes become opera- 
tional (the first is scheduled for later 
this year) and are in a state of readiness, 
the only access to the facilities from the 
ground surface will be at the portal, 
through which will enter personnel and 
supplies, the air intake and exhaust 
structures which will handle air for 
personnel and equipment, and com- 
bustion air for the power generators. 
All vents or air intake shafts to the 
surface are provided with blast valves. 
These valves will close automatically 
within 1/2 sec after blast or after radia- 
tion-sensing devices topside record ex- 
ternal disturbance. 

Should a command be given to launch 
a Titan, the missile would be filled with 
LOX (the RP-1 being stored in the 
missile itself), the missile silo closure 
would open, and the missile would be 
lifted to the surface on an elevator and 
launched from above ground. All this 
is accomplished remotely from the con- 
trol center. Blast locks are provided 
between each of the three launchers so 
that in the event that one missile is 
exposed during attack or should abort, 
the remaining missiles in the complex 
would not be damaged by the blast 
pressure wave (Fig. 3). 


Launcher Area 
Missile Silo 


The missile silo is a reinforced con- 
crete cylinder, 40 ft in diameter, 161 
ft deep. The wall thickness is 24 in. 
and tapers to 13 ft 9 in. near the ground 
surface to accommodate the high thrust 
loads occasioned by opening the double- 
leafed hinged closures. Each leaf of 
the closure is reinforced concrete 
161/2 ft by 24 ft by 42 in. thick, weighs 
106 tons, and resists some 50 million 
lbs of vertical load. The base slab or 
footing varies from 6 ft 0 in. to 8 ft 
0 in. thick, depending on soil con- 
ditions (Fig. 4). 

Construction methods generally 
varied with the General Contractor. 
At Lowry AFB, forms were of pre- 
fabricated wood, and concrete was 
poured in 12- to 15-ft lifts. At Van- 
denberg AFB, where the OSTF and 
Training Facilities were located, and 
at Ellsworth AFB, the Contractor 
chose to use “slip form” method of 
construction. 

The cost of each missile silo—in- 
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Fig. 3. Titan launch complex consisting of: (1) Launcher No. 1, (2) missile silo, (3) vent, (4) connect- 
ing tunnel, (5) LOX tank, (6) propellant terminal, (7) Launcher No. 2, (8) equipment terminal, (9) blast 
locks, (10) launcher area air filtration facility, (11) RP-1 tank, (12) Launcher No. 3, (13) personnel 
tunnel, (14) water tanks, (15) control center, (16) entry portal, (17) powerhouse air filtration facility, 
(18) powerhouse, (19) powerhouse exhaust facility, (20) diesel fuel tanks, (21) ant , (22) ant 


silos, (23) antenna terminal, and (24) exhaust vent. 


cluding the structure, piping, and 
utilities, but excluding the steel ‘‘crib”’ 
or tower, flame bucket, elevator, 
and closure mechanisms—approximates 
$845,000. Some 4,000 cubic yards of 
concrete and 700 tons of reinforcing 
steel are required for this structure. 

The missile is supported on a steel 
“crib” weighing approximately 480 
tons which in turn is supported on eight 
spring shock mounts attached to the 
concrete wall. These springs are fur- 
nished in sets of three concentric 
springs with the outermost made of 
3-in.-diameter stock coiled to a diameter 
22 in. wide and 49 in. long. The spring 
constant for this assembly is 200,000 
lbs/in., and each is attached to a 1,500- 
lb embedment by means of a 3%/, in.- 
diameter threaded upset rod. This 
shock-mounted assembly is designed 
to attenuate shock transmission to the 
missile to a very low magnitude. 
Provisions have been made to permit 
the ‘crib’ motion in a 2-ft envelope 
under actual external blast conditions. 
All electrical and mechanical connec- 
tions and piping from the facilities to 
the missile have therefore been made 
flexible (Fig. 5). 


Propellant Terminal 


At a distance of 40 ft south of the 
missile silo, we have located the pro- 
pellant terminal, a cylindrical struc- 
ture 40 ft in diameter and 40 ft in 
depth. The propellant terminal houses 
the gaseous oxygen transfer system, 
the valving required to load the mis- 
sile with LOX at a rate of 3,600 gpm, 
as well as the helium cooler and the 
gaseous nitrogen. 
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Fig. 4. Missile silo. 


The LOX storage tank (26,500- 
gal capacity) is in an appendage sepa- 
rate from the propellant terminal 
and is supported on a structural steel 
frame which acts as a shock mount. 
This tank has an inner lining of stain- 
less steel Grade “‘S’’ A 240, and an 
annular 12-in. space between the in- 
ner tank and the Grade ‘‘C”’ A 285 outer 
tank. The inner tank is supported by 
a three-point suspension system of 


small stainless steel straps. The annular 
space between the two tanks is filled 
with a granular insulating material 
such as vermiculite and is drawn under 
a partial vacuum. The specifications 
required a maximum heat loss of 1/4 of 
1 percent per day. On the first squad. 
rons at Denver, the minimum fre. 
quency permitted of the tank assembly 
was 25 cps. To attain this frequency, 
stiffener rings of appreciable moment 
of inertia were required on the outer 
shell. On subsequent squadrons, this 
requirement was waived. 

The walls of the propellant terminal 
are 18 in. thick with a roof slab of 
6 ft and a foundation slab 6'/2 ft. A 
10-ft-diameter temporary opening js 
provided in the top slab for installation 
of large tanks and vessels. The floors 
and equipment are all shock mounted, 

The cost of this structure approxi- 
mates $415,000. The equipment con- 
tained within the structure and the tank- 
age, valving, and piping represent addi- 
tional cost in each structure of $880,000. 


Equipment Terminal 


The equipment terminal, a four 
story structure, is located some 45 
ft to the northeast of the missile silo. 
Contained in this structure are the 
hydraulic equipment which actuates 
the opening of the missile silo closure, 
air-conditioning equipment to keep the 
mnissile itself and some of its components 
under strict temperature and humidity 
control, the launch checkout equip- 
ment and relays, primarily electronics, 
and the launcher power equipment and 
switchgear which provides for the actual 
raising of the fully loaded missile on 


Fig. 5. View of missile silo interior, looking 
skyward, shows steel crib with work platforms. 
Umbilical tower extends from lower left of 
picture to center and rides up elevator con- 
nected to missile (not shown) prior to launch. 
There are approximately 34 connections to 
missile from umbilical tower, all of which dis- 
connect automatically just prior to launch 
(Fortune photo by Fred Swartz.) 
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its elevator. All floors of the equip- 
ment terminal are suspended by hangers 
from the midpoint of spring beams lo- 
cated below the floor girders of the floor 
above, which in effect, provides for 
shock attenuation. The lowest floor 
rests on spring beams supported directly 
from the foundation slab. 

The equipment terminal structural 
features, except for overall height, are 


similar to the propellant terminal. 
Vie ° 


pretension 
wire et 4 


= 


Fig. 6. Control center, showing first and 
second floors. Spring beams attenuate accel- 
erations resulting from blast loads to a 3g level. 
Some of the sensitive electronic equipment re- 
quires additional isolation mechanisms to reduce 
accelerations even further. 


Fig. 7. Powerhouse, showing first and second 
floors designed with spring beams similar to 
control center. 


MAIN CLOSURE 


BLAST DOORS 


PERSONNEL 
ACCESS 


10 TON CAPACITY 
ELEVATOR 


Fig. 8. With launch complex in operational 
feadiness, portal silo is only means of ingress or 
gress for personnel, supplies, and i it 


wer 


Walls are 18 in. thick, the roof slab 
6 ft thick, and the foundation slab 7- 
ft thick. The structure is 43 ft in 
diameter and 70!/, ft deep and costs 
approximately $400,000 each. 


Tunnels 


There are approximately 2,900 ft of 
tunnel section interconnecting all the 
buried structures in each complex. 
In general, the tunnels are of steel 
multiplate when placed in open-cut 
excavation, or liner plate when drifted. 
At the Vandenberg and Beale bases, 
because of the nature of the soil, the 
Contractors chose to mine for the tun- 
nels in lieu of the open-cut method. 
At the other bases, tunnels were placed 
in open cut. 

Tunnels vary in diameter from 16!/2 
ft to 4 ft, with the major portion being 
9'/. ft. The tunnels are used primarily 
for personnel access and transporta- 
tion of tools, checkout equipment, and 
replacement parts and contain the re- 
quired utility lines needed at the various 
structures. The 16!/, ft tunnel sec- 
tion also houses relay stations. Tunnel 
plate is covered with asbestos-impreg- 
nated asphalt, '/s of an inch thick on 
the exterior surface. The plate thick- 
ness varies from #10 to #1 gage. 

Blast locks are provided at the main 
tunnel intersections to prevent a mis- 
hap at any one launcher from affecting 
other structures. These blast locks 
are reinforced concrete and contain 
electrically interlocking steel blast doors 
so controlled that only one door of a 
spaced pair may be opened at any one 
time. (The design of these blast doors 
was proved by the unfortunate ex- 
plosion at OSTF December 3, 1960. 
The missile, equipment terminal, and 
propellant silos were destroyed beyond 
repair, but the blast doors prevented 
damage and injury to equipment and 
personnel beyond.) 

Construction of the tunnels involved 
some 925,000 cubic yards of excavation 
and 3,400 tons of structural steel for 
each complex at a cost of approxi- 
mately $1,750,000. Included in this 
cost are the shock-mounted floor and 
pipe support system and all facility- 
provided piping and utilities. 


Control Center 


The nerve center of each launch 
complex is located at the control center. 
Within this domed structure spanning 
100 ft are located the necessary com- 
munication equipment, control and 
launch consoles, automatic readout 
equipment, computers, and the per- 
sonnel necessary to operate the com- 
plex. Spare parts (“‘black boxes’’) for 
rapid replacement of any malfunction- 
ing part of the GSE or the missile it- 
self are stored within this structure. 
Some 230 functions of checkout are 
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Fig. 9. Horizontal and vertical response spectra, showing plot of velocity, accelerations, and dis- 


placements for each zone within the facilities. 


performed in the control center, equip- 
ment terminal, and antenna terminal. 

The first and second levels of the 
control center are supported on spring 
beams and provide shock attenuation 
for the fragile electronic equipment sup- 
ported thereon. Both floors are also 
isolated from the domed structure it- 
self to minimize shock transmissibility 
through the external shell. 


The domed structure is of reinforced 
concrete 14 in. thick at the crown and 
thickening to 24 in. at the foundation 
slab (Fig. 6). After detailed field tests 
were made, the footing size was de- 
termined on the basis of an allowable 
dynamic soil pressure of 70,000 psf. 
On the basis of these tests, it is expected 
that the entire domed structure will dis- 


place under full blast loading conditions 
thus absorbing a great portion of the 
energy to which it is exposed. 

This structure required the excava- 
tion of 60,000 cubic yards of earth, 
1,800 cubic yards of concrete, and 130 
tons of rebar. Construction cost 
totaled $620,000. 


Powerhouse 


Located approximately 120 ft to 
the east of the control center is another 
domed structure, the powerhouse, 
spanning 123 ft (Fig. 7). The power- 
house provides for all the utilities neces- 
sary to sustain each complex without 
support for up to 2 weeks. Water wells 
located within this structure extend to a 
depth of 1,200 ft in the Denver area 


Fig. 10. Aerial view of typical launch complex, looking south, shows three launcher areas in foreground, 
powerhouse fo left of control center at middle, and two antenna silos in background. 
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and at varying depths elsewhere, ang 
provide necessary water for domestic 


use and air conditioning. There are 
four 1,000-kw diesel engine generators 
which provide all the power required 
to operate and sequentially launch 
three missiles after a simultaneoys 
countdown. 

The need for air conditioning jg 
critical. In order to function with re. 
quired reliability, electronic equipment 
must be maintained with consistent 
temperature and humidity. Since the 
air-conditioning requirements are at 
their peak only during the countdown 
prior to launch, it was decided to fur. 
nish “‘ice banks’’ for the storage of cold 
water for these peak conditions. The 
storage of 45 tons of ice has been pro. 
vided at the Denver sites and 30 tons 
at the others. 

One of the most challenging problems 
associated with the design itself in. 
volved the shock mounting of the heavy 
powerhouse equipment. Both the first 
level and the mezzanine level are sup- 
ported in a manner similar to the floors 
of the control center. In addition to 
the shock attenuation provided by the 
spring beams, additional attenuation and 
damping have been provided by coil 
springs placed below some of the heavy 
operating equipment. Visualizing a 
power plant of sufficient size to accom- 
modate a community of 5,000, with 
the maze of interconnecting conduit, 
piping, and equipment, and recognizing 
that all equipment must remain opera- 
tive when subjected to high-intensity 
external shock loads, one realizes that 
this-support center was one of the most 
complicated design problems. 

The concrete dome for the power- 
house varies in thickness from 18 in, 
at the crown to 30 in. at the foundation 
level. This foundation, similar to the 
control center, has been designed to dis- 
place under the blast loads. 

Each powerhouse and air intake and 
exhaust structure involved 180,000 
cubic yards of excavation, 8,400 cubic 
yards of concrete, 1,000 tons of rebar, 
and 780 tons of structural steel. The 
construction cost including equipment 
totaled $3,100,000. 


Portal Silo 


Halfway between the powerhouse 
and control center is the portal silo, 
29'/. ft in diameter by 75 ft deep. 
The closure at the ground surface cap- 
ping the portal functions similarly to 
the missile silo closure and the antenna 
silo closure and is reinforced concrete 
42 in. thick. Contained within this 
silo are personnel stairs and a 10-ton 
freight elevator. Personnel have ac- 
cess to the entire facilities through the 
personnel appendage to this structure. 
Blast doors are strategically located to 
prevent damage to the facilities in the 
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event of an attack with the main closure 
or personnel access open (Fig. 8). 
Closed-circuit TV cameras are used to 
jdentify those entering the facility. 
Construction cost approximates 
$250,000. 


Antenna Terminal and Silo 


Two antenna silos with a single ter- 
minal are provided some 600 ft south 
of the control center and powerhouse 
structures. These antenna silos house 
the radio inertial guidance radomes 
which determine the path of the missile 
during its powered flight. Prior to 
launch, with the missile in a raised 
position, one radome is elevated and 
locks onto the guidance compartment 
of the missile. The radome remains 
above ground until the missile is in a 
ballistic trajectory, after which the 
radome is lowered and the concrete 
doors are closed. 

The second antenna silo is primarily 
stand-by in the event of either a mal- 
function of the first radome or an attack 
when the radome is in the up or “‘soft”’ 
position. The antenna terminal houses 
the relay station for control of the 
radome remotely from the control 
center. The structure for this terminal 
is a large section of tunnel 161/2 ft in 
diameter. 

The antenna silo is structurally com- 
parable to the portal silo with respect 
to the closure and general configura- 
tion. The walls are 15 in. thick and the 
foundation slab 6 ft thick. The radome 
is shock mounted on a spring suspen- 
sion system similar to that supporting 
the ‘crib’ in the missile silo but smaller. 


Shock Mounting 


Extensive use was made of seismic 
explorations as the basis for deter- 
mining maximum vertical and hor- 
izontal displacements, accelerations, and 
frequencies to which the structures 
would be subjected. The Air Force’s 
Senior Panel of Engineering Consul- 
tants assisted in the evaluation and 
application of the subsurface explora- 
tion data to the problems of estimating 
the transient and permanent displac- 
ing of nonhomogeneous materials such 
as earth and rock. This Senior Panel 
included Dr. Nathan Newmark and 
Dr. Ralph Peck, University of Illinois; 
Dr. Robert Whitman and Dr. Hansen, 
M.LT.; Dr. Robert Vaile, S.R.L; 
Mark Peter, C.I.T.; Dr. George Hous- 
ner, Dr. Ben Sussholz, and Dr. Millard 
Barton, S.T.L. Dr. Sussholz acted 
as Chairman of this Panel for Col. D. S. 
Chamberlain, Project Officer for 
AFBMD Installations. 

Shock spectra developed by this 
group formed the basis for the A-E 
design, as well as the GSE design ac- 
complished by the missile manu- 
facturers. The response of the pri- 
Mary structures and the floors to the 
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The Lincoln Laboratory, Massachusetts 
Institute of Technology, announces a 
major expansion in its program. 

We urgently request the participation 
of senior members of the scientific 
community in our programs in: 


RADIO PHYSICS and ASTRONOMY 
SYSTEMS: 
Space Surveillance 
Strategic Communications 
integrated Data Networks 
NEW RADAR TECHNIQUES 
SYSTEM ANALYSIS 
COMMUNICATIONS: 
Techniques 
Psychology 
Theory 
INFORMATION PROCESSING 
SOLID STATE Physics, Chemistry, and Metallurgy 


@ A more complete description of the Laboratory's 
work will be sent to you upon request. 


Research and Development 


LINCOLN LABORATORY 
Massachusetts Institute of Technology 
BOX 23 


LEXINGTON 73, MASSACHUSETTS 


All qualified applicants will receive consideration for employ- 


ment without regard to race, creed, color or national origin. 
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shock input was made available to the 
General Contractors in the specifica- 


tions (Fig. 9). Equipment located in 
various parts of the facilities was then 
identified with the shock input that 
would be transmitted to it. Additional 
attenuation, therefore, for the specific 
equipment provided became the re- 
sponsibility of the Construction Con- 
tractor. 

The exterior walls of the structures 
(silo walls, domes, and tunnels) were 
designated as Shock Zone ‘‘A,” and 
items mounted directly thereto would 
be subject to a maximum acceleration 
of 50g. Zone ‘‘B”’ applies to facility 
piping “cribs” in the missile silo. 
Shock-mounted floors designated as 
Zone ‘“‘C”’ would transmit accelerations 
in the order of 3g. 

The Contractor then was given the 
option of either strengthening the equip- 
ment where necessary or further isolat- 
ing it by springs or other means. 
Physical testing of the equipment to 
determine its ability to function during 
and after the anticipated shock load 
was a further requirement. 


Accidents 


Considering the magnitude of this 
program, the number of accidents that 
have occurred during construction have 
been minimal. In Denver, the antenna 
closure at one complex was dropped dur- 
ing a lift by crane causing damage to the 
door and the door foundation. The 
door required replacement, and the 
cracked foundation was repaired. Dur- 
ing excavation for a missile silo at 


Mountain Home AFB, a crane at the 
surface toppled down a _ completely 
excavated shaft, demolishing both the 
skip loader in -the bottom and the 
crane itself. 

Perhaps the most costly accident 
occurred at Vandenberg on December 
3, 1960. After construction was com- 
plete, a series of tests were being per- 
formed at the Operational System Test 
Facility when a fully loaded missile, 
being lowered into the missile silo, 
began to accelerate beyond the safe 
limit. The missile ‘bottomed out” 
on the foundation of the missile silo 
causing a tremendous explosion. The 
missile silo, equipment terminal, and 
propellant terminal were demolished 
beyond repair. Estimates of damage 
approximate $8 to $10 million. That 
launcher area will be abandoned. 


Conclusion 


It is difficult to compress some 900,000 
A-E manhours and $225,000,000 worth 
of construction into these few printed 
pages. In retrospect, many studies, 
designs, reports, and other paper work 
were generated to accomplish the final 
A-E product. Criteria for A-E design 
in the form of classified reports were pro- 
vided by the Air Force and totaled over 
1,200 in number. The amount of 
unclassified material submitted as 
criteria has never been counted. The 
blueprinting bill alone for 2 years’ 
effort was over $200,000. This did not 
include the printing of the final plans 
and specifications for bidding and con- 
struction purposes which was handled 


by the Corps of Engineers. On one 
squadron, at Mountain Home AFR, 
over 31/2 tons of plans and specifica. 
tions were shipped to _ prospective 
bidders. 

The Titan I construction volume of 
almost $225 million represented almost 
30 percent of the Department of De. 
fense total construction budget over the 
last 2 years. The following material 
quantities were involved in the first 
six Titan squadrons and may be of 
interest: 


Excavation 15,000,000 cubic yards 
Concrete 76,000 cubic yards 
Reinforcing 78,000 tons 


Structural steel 

Tunnel plate 
(ST) 

Stainless steel 


66,000 tons 


11,000 tons 
3,000 tons 


Because of the concurrent research 
and development and A-E design, there 
were numerous design changes neces- 
sary during the progress of the work and 
during the construction phase. The 
Air Force goal was to have a facility 
available for occupancy by the Strategic 
Air Command, one that was invulner- 
able to thermonuclear attack, at such 
time as the missile itself became opera- 
tional. Over 2 years’ time was saved 
as a result of this ‘‘concurrency”’ ap- 
proach. 

Notwithstanding the tremendous cost 
and effort expended on these missile 
bases, let us hope that the United 
States need never put them to the 
ultimate test. 


Vertical Floating Launch of Rocket Vehicles (continued from page 13) 


would require considerable development 
effort merely to solve servicing and ice- 
accretion problems. 
Vehicle Construction, Handling and 
Logistics 

The basic philosophy adopted in the 
development of the sea-launched con- 


PROPELLANT CART 


100 20 40 60 80 100 150 


cept has been to work with, instead of 
against, nature as much as possible. 
Accordingly, a maximum advantage is 
taken of the continuous support af- 
forded by floating the rocket vehicle and 
the technique of erecting from a hori- 
zontal to a vertical attitude by means of 
buoyancy control. 


Large rocket vehicles destined for sea 
launch could be constructed in more or 
less conventional manner in _present- 
day dry docks by use of the segmented 
principle (Fig. 2). ‘ For a longer-range 
program it would be advantageous to 
combine a solid-propellant curing pit 
with a special-purpose dry dock (Fig. 


HARBOR 


REMOVABLE COVER FOR CURING. 
AFTER ASSEMBLY WITH SECOND 
STAGE, BOOSTER FLOATED TO A 
HORIZONTAL POSITION. 


iE SCALE IN FEET 


FIRST STAGE BOOSTER 


Fig. 3. Curing, assembly, and flotation of large solid rocket by use of 


modified or new construction dry dock. 
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Fig. 4. Underwater towing of solid rocket vehicle to launch site. 
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3). By means of this facility, the rocket 
booster may be floated after curing and 
inspection so that no lifting machinery 
is required. 

Transportation to the launch site may 
be carried out in several different ways. 
The first possibility is the bare tow of 
the booster rockets, less upper stage 
payload (Fig. 4). An underwater tow 
is preferred to avoid excessive ‘‘hog- 
ging” and ‘‘sagging”’ stresses and also to 
minimize corrosion problems. This 
method ultimately involves attachment 
of the payload to the boosters by means 
of a catamaran or similar vessel at the 
launch site. 

Another promising method for ac- 
complishing transportation and as- 
sembly would be the use of a floating 
dry dock, of which there are several 
varieties in existence, or a dry-docking 
ship, such as the Navy’s Landing Ship 
Dock (LSD) type of vessel. By use of 
this equipment, and techniques similar 
to the docking and undocking of ships, 
extremely large rockets may be com- 
pletely assembled at the launch site, 
or during transit to the launch site, and 
placed into the water a few hours prior 
to launch time (Figs. 5 and 6). 

When using the undocking method 
from a floating dry dock or LSD-type 
ship, the rocket would be floated clear 
in a horizontal attitude, fully assembled 
and checked out as completely as pos- 
sible. Waterproofing could be used to 
protect the sophisticated upper stage 
payload, until vertical erection placed 
the entire upper stage above the water 
line (Fig. 7). This temporary water- 
proofing could then be removed, and 
access to the upper stage gained by 
means of a temporary work platform 
attached directly to the booster vehicle. 

The extremely flexible utilization of 
existing tugs, mobile dry docks, ship- or 
barge-shop facilities, and range instru- 
mentation ships would certainly be the 
most economical way of gaining an equa- 
torial launch facility. One or two large 
mobile dry docks could be stationed on 
the equator to receive, assemble, and 
check out rocket vehicles and payloads. 
Large solid boosters could be towed to 
the launch site from manufacturing 
sites on the United States coast by 
means of conventional tugs and the bare 
tow technique described earlier. On 
arrival, they could be docked and then 
assembled inside the floating dry dock 
in a dry, horizontal attitude. 

The difficulty of checking out the pay- 
load can be overcome by accomplishing 
as much of the checkout as possible while 
the entire vehicle is in a floating dry 
dock, reserving only final checkout 
items to be verified in the vertical, 
floating condition. A maximum use of 
automatically programed checkout 
equipment is contemplated, with the 
Majority of the equipment aboard a 
Support ship. The connection with the 
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Table 1. Comparison of Land-Launched Versus Water-Launched Systems 


Land-Launched 


Water-Launched 


Relatively close to populated areas. 


Firing bearings may be restricted because 
of fallout pattern of upper stages. 

Transport and logistics must be carried out 
mainly on highways, railroads, etc., 
creating some hazard and much incon- 
venience to populace. 


Significant physical handling is necessary, 
including much lifting; manufacturing 
plant to railroad, railroad to launch pad, 
gantry erection, etc. 

Requires expensive, specially designed 
handling equipment. 

Complicated erection procedures involving 
high localized stresses with much ground- 
support equipment for erection. 

Large, expensive launch facility is required, 
including gantries, armored blockhouses, 
LOX manufacturing plant, LOX and 
fuel storage facilities, and water-cooled 
concrete launch pads. 

Access to all portions of the booster and 
upper stages is facilitated by being on 
land. Solid or liquid boosters are prac- 
tical. 


Electric lines not exposed to moisture 
other than rain. 


Staging is limited by practical considera- 
tions. 


Structure not exposed to a severe corrosive 
environment. 


Launch of a very large vehicle will probably 
never be kept secret. 


Fairly vulnerable to sabotage. 


Point supports and stress concentrations on 
launch pads and during lifting and 
handling. 

Propellant grain can be exposed to wide 
temperature variations, causing shrink- 
ing, stretching, and possible grain crack- 
ing. 

Spare-parts support is facilitated by means 
of land transport. 


Recovery of large liquid boosters may be 
possible, but high firing rates (300 to 400 
per year) are necessary to amortize R&D 
costs of developing large boosters. 

Mobility impossible or difficult to obtain: 
(a) Fixed concrete pads, at AMR, PMR 
(b) Railroads 
(c) Trucks 


Can be removed from population by any 
desired distance. 

Launch site may be chosen to permit de- 
sired firing bearings. 

Transport and logistics are at sea, limiting 
immediate hazards to personnel in the 
construction and assembly area only. 


Handling is simplified by utilizing floating 
dry docks and LSD-type ships to carry 
the vehicles, or by towing the vehicles. 


Standard ships now in existence can tow 
and erect. 


Water erection is accomplished automati- 
cally and naturally as a result of the 
vehicle’s positive metacentric height. 

No-cost, self-healing launch pad. Support 
ship can back off suitable distance and 
act as blockhouse. 


Access to lower stages is severely restricted. 
Utilizing a jet-head type of control sys- 
tem where the nozzles on the boosters 
are fixed makes access to the lower 
stages unnecessary. Payload and con- 
trol section are above the waterline, and 
access is achieved by attaching a working 
platform directly to the vehicle. 

Electric lines must be protected from 
salt-water environment. 

Since length is no problem, full advantage 
may be taken of staging. Five to six 
stages (all solid) should prove practical. 

Structure may be exposed to salt-water 
corrosive environment, but protection 
can be obtained through plastic covers, 
preparation of surfaces, or other known 
techniques. 

Launch secrecy easily obtained. (Note Ar- 
gus firing from U.S.S. Norton Sound.) 
Isolated and almost invulnerable to sabo- 

tage once at sea. 

Structurally efficient support provided by 
flotation. Stresses reduced and han- 
dling facilitated. 

Propellant grain remains at or near am- 
bient water temperature which is usually 
40° to 70°F, with widest extremes ex- 
pected of 30° to 80°F. 

Spare-parts support is more difficult, 
generally being carried out by air or 
water transport. It is not too difficult 
for launches immediately offshore con- 
tinental U.S., but for remote areas it 
could be a problem to the same extent 
as a remote land site. 

Recovery of burned-out boosters not con- 
templated. 


Basic feature is mobility: 

(a) Can be launched literally anywhere 
at sea; includes 70 percent of 
earth’s surface. 

(b) Could be launched offshore from 
existing facilities—e.g., AMR, PMR, 
or any tracking or telemetry station. 


support ship could be an electrical um- 
bilical cable, a telemetry link, or even a 
sonar link. 

In order to avoid any moving 
machinery near the base of the rocket 
vehicle, it would be desirable to have 
jet/aerodynamic canard controls near 
the upper stages. Access could then 
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be gained much more easily since the 
controls would be above the water 
line. 

Wave-induced Motions of a 
Vertically Floating Rocket Vehicle 


Initial studies of the wave-induced 
motions of a vertically floating rocket 


shape assumed trochoidal ocean waves, 
decaying exponentially with depth, 
Estimates of angular deviations from 
the vertical were made, assuming that 
the upper and lower ends of a rocket 
followed the circular water particle 
paths. Two undistorted 1:120 scale 
models (Fig. 8) of a proposed 175-ft, 
solid-propellant, three-stage rocket 
vehicle were tested in a wave tank 
located at the Naval Civil Engineering 
Laboratory at Port Hueneme, Calif. 
This wave tank was 100 ft long, 4 ft 
high, and 2 ft. wide and used as moving 
bulkhead wave generator. Predictions 
of maximum angular deviations from 
the vertical were made by power 
spectral methods and showed close 
agreement with the initial analytical 
assumptions. Deviations derived were 
average, significant (average of highest 
1/3), and highest per 1,000 cycles (to 
cover the exceptional case). 

The results of the model tests 
confirmed the excellent stability (Fig. 
9). Heaving motion was analyzed in 
addition to pitching motion, in a 
similar manner. Heaving motion was 
found to be less than 50 percent of 
wave height for deepwater conditions, 
with a wave period of 13 sec or less, 
Angular deviations from the vertical 
under the same conditions were all in 
the neighborhood of 10 min of arc per 
foot of wave height (linear). 

Open-ocean conditions were  in- 
vestigated at several locations and 
showed that, on a statistical basis, the 
ocean does not appear so rough as one 
might imagine. Fig. 10 shows a 
cumulative plot of wave heights for 
various locations. Combining data on 
pitching motion (deviation from the 
vertical) with the cumulative plot of 
wave height occurrences, one obtains a 
cumulative distribution of maximum 
angular deviations (Fig. 11). Again, 
the excellent stability is apparent. For 
the 175-ft prototype rocket, 50 percent 
of the time the angular deviation from 
the vertical is 1/2°, and 80 percent of 
the time it is less than 1°. For a 40-ft 
rocket, 50 percent of the time it is 1° 
or less, and 80 percent of the time it is 
less than 2°. The above data were 
derived for a location in the East 
Equatorial Pacific Ocean. 


Mechanism of the Sea Launch 


Analytically, the mechanism of the 
sea launch of a bare rocket is con- 
siderably different and more complex 
than the land launch. Accurate an- 
alytical treatment and experimental 
measurement of the separate effects 
incident tothe sea launch are difficult. 
Measurement of vehicle acceleration 
(which is the sum total of the various 
effects) and analytical comparison with 
a land-launched equivalent are, however, 
straightforward. The intention here is 
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first to discuss some experimental data 
on a sea-launched rocket vehicle com- 
paring the performance of this vehicle 
with its land-launched equivalent. 


Starting Transient 


Consider now the bare—i.e. not en- 
capsulated—rocket vehicle floating in a 
vertical position. The sea launch 
begins with underwater ignition and the 
establishment of supersonic flow of the 
rocket gases out the nozzle. Underwater 
ignition presents no problem, provided 
that the nozzle plug or closure is 
watertight. To date, 23 tests have been 
conducted under Project Hydra with 
no nozzle closure failures. The longest 
vehicle tested was 105 ft in length, with 
the bottom of the rocket vehicle (and 
the nozzle closure) extending 92 ft 
below the surface of the water. After 
ignition, the pressure buildup ruptures 
the nozzle closure. At this point, 
supersonic flow of the gases out the 
nozzle is established and maintained, 
provided that an adequate pressure 
ratio exists across the nozzle. Under 
isentropic conditions the required pres- 
sure ratio is 1.9 to 1. Under actual 
conditions the ratio would have to be 
higher, preferably about 3 to 1. The 
pressure that the nozzle exhausts to is a 
function of the depth and the effect of 
water inertia. The water inertia effect 
arises as a result of the rocket ejecting 
mass through the nozzle into the water 
at a considerable rate. Since the 
ejected mass and the water cannot both 
occupy the same place at the same time, 
the rocket gascs tend to displace the 
water. The water having mass and 
inertia, tends to remain at rest, and the 
result is the formation of a high-pressure 
field in the vicinity of the rocket 
vehicle having three effects: 

(1) Loss in thrust due to increased 
back pressure. Nozzle choking is a 
possibility. 

(2) A closed breech effect (similar to a 
Mortar shell being fired) which increases 
vehicle acceleration. 

(3) An increased external pressure 
loading on the rocket vehicle structure. 
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Salt water hydrostatic pressure is 
0.443 psi per foot of depth. Although 
rockets have been fired underwater 
previously, the problem here was to 
launch successfully high thrust, high 
mass flow rockets without the combina- 
tion of hydrostatic pressure and water 
inertia choking the nozzle. Although 
the limits of ‘sea launchability”’ with 
regard to nozzle choking have not yet 
been completely explored, tests have 
been run under Project Hydra (Fig. 
12) which have demonstrated successful 
launching of a single-nozzle rocket 
having a thrust of 36,000 lbs and a mass 
flow of 165 lbs/sec, or 10.5 Ibs/sec psi 
of throat area exhausting to a hydro- 
static pressure of 40 psi (91 ft depth). 
This is three times greater than the 
mass flow of the Scout first-stage 
booster. 


Acceleration Effects 


A sea-launched rocket vehicle 
experiences five acceleration effects 
unique to the sea launch. These ef- 
fects, some of which are beneficial, are 
discussed here. 


Buoyant Effect 


A rocket vehicle launched from a 
vertical floating position has a starting 
acceleration which is 1g greater than its 
equivalent land-launched rocket as a 
result of the buoyant force: 


Sea launch 


=F D W + Fouoyant 
initially Fouoyant = W and D = 0 
a = (ZF/W) g = (T/W)g 


Land launch 


initially D = 0 
a = (2F/W)g = [(T—W)/W] g = 
— 1]g 


The sea-launched rocket in pre- 
launched position is something akin to a 
land-launched rocket resting on a 
compressed spring. 
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Fig. 5 (left). Saturn-size solid rocket in landing ship dock (LSD). 
Fig. 6 (above). Nova-size solid rocket in auxiliary floating dry dock 


2. WELL-DECK FLOODED 
VEHICLE HORIZONTAL 
AFLOAT, TAIL GATE UP 


VEHICLE BEING 
FLOATED CLEAR, 
TAIL GATE DOW 


4. VEHICLE BEIN' 
ERECTED BY 
REMOVAL OF 
TAIL BUOYAN! 


Fig. 7. Undocking and erection to the vertical 
from a landing ship dock (LSD). 


CONDITIONS: 
WAVE LENGTH, S00 FEET 
WAVE HEIGHT, 20 FEET 
WATER DEPTH, 1,000 FEET 
STATE 6 SEA (WINDS OF 40 KNOTS) 
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Fig. 8. Wave profile of trochoidal ocean wave 
showing wave decay with increasing depth. 


49 


Aerospace Engineering 


ar 
A 
= 
1, VEHICLE DRY, 
HORIZONTAL TAIL 
GATE UP 
= 
= = 
_ == == 
Y 
= 
isnt 
| 
| 
| 
| 4 
< 
( 
| 
3 
ae 


Protecting the protector. A Link-Belt drive 
assembly—roller chain, sprockets, geared 
flexible couplings, and spherical roller bear- 
ings—is standard equipment for retracting the 
sheiter prior to launching the Douglas Thor 
IRBM Missile. 


Link-Belt roller chains are used for 
tensile loading, as compression chains, 
and as drives in missile handling, 
positioning and launching. They are 
also used extensively on ground- 
support equipment. 


| 


New baggage-handling system introduced 
United Air Lines at San Francisco Internation] 
Airport. System has 3,300-ft. Link-Belt belt coj| 
veyor. Belt speeds range up to 363 fpm. Systey 
can sort 32 bags per minute. 


Link-Belt conveyor and mechanicai power transmission components, 


Link-Belt aircraft tachometer test drive—a 
sturdy, self-contained unit for a wide range 
of test requirements. Basic transmission is 
motorized Variable Roller Drive with 10- 
to-1 infinite output speed range. 


Link-Belt silent chain is used for tail 
rotor pitch control on this HU-1 
model Bell helicopter. Link-Belt was 
chosen for its strength, lightweight, 
no-backlash operation. 


Link-Belt silent or roller chains are used 
on aircraft controls. Silent chain elimi- 
nates chordal action, minimizes frictional 
loads. Roller chain has high strength-to- 
weight ratio, withstands severe shocks. 


Link-Belt roller chains and sprockets. High strength, light weight, 
precision built in a complete range of types and 
in steel, Stainless steel or cadmium plated to meet design 
requirements. Standard A.S.A. tooth form assures a correct 


fit between chain and sprocket. 
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Link-Belt silent chains and sprockets. Available in a wit! 
variety of sizes and types with sprockets of almost any coh 
. to fit governmenl® 
specifications. All have minimum weight, high tensile strength 


. Steel or stainless steel . 


Be 
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nternation®! Two Link-Belt parallel shaft speed reducers are used Aircraft engines at T.W.A.’s Kansas Airplane wash rack at United Air Lines, 
lt belt cop at T.W.A.’s overhaul base to test aircraft cabin City overhaul base are carried from San Francisco International Airport, speeds 
rpm. Syste compressors. The two speed reducers enable one tear-down to final assembly on Link- and simplifies washing job with 380 ft. long 
prime mover to be used to test two different types Belt in-the-floor conveyors. Conveyor Link-Belt in-the-floor chain conveyor, towing 
of aircraft engine cabin compressors requiring dif- speeds can be varied from 2% to three planes at one time. 
ferent speeds. 35 ft. per hour. 


ents, 


the best will 


Rigid aero/ space tests have proved the value of standardizing on Link-Belt equipment 
for a wide variety of handling, maintenance and operational applications 


Link-Belt equipment is built to the highest standards with components correctly integrated for smooth- 
working efficiency. All this is backed by Link-Belt’s complete research, engineering, manufacturing, 
warehousing, erection and service facilities. Call or write your nearest Link-Belt office for data. 


POWER TRANSMISSION AND CONVEYING EQUIPMENT 


. aa LINK-BELT COMPANY: Dept. 661-ASE, Chicago 1, Prudential Plaza; Indianapolis 6—220 S. Belmont Ave.; Los Angeles 22—P.0O. Box 
} are i : 22056—1200 Sycamore St., Montebello; Atlanta—1116 Murphy Ave., S.W.; Baltimore 12—7215 York Rd.; Washington 1, D.C.— 
ain elim 740-1llth St., N.W.; Dallas 26—500 Good Latimer Expressway; Buffalo 23—956 Kenmore Ave.; Detroit 4—5938 Linsdale Ave.; 
; frictional Kansas City 8, Mo.—2630 Holmes St.; New York 36—530 Fifth Ave.; St. Louis 1—317 N. lth St.; Seattle 4—3405 Sixth Ave., S. 
trength-to- There are Link-Belt Plants, Warehouses, District Sales Offices, and Distributors in all principal cities. Export Office, New York 7; 
shocks. Australia, Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, Springs; Switzerland, Geneva. 

Representatives Throughout the World. 15,567 


ost any coMMkBelt leaf chains. Chains com- Link-Belt flexible ring-type couplings (right) Shafts turn smoothly with Link-Belt self-aligning 

- governmell mie strength and light weight. and flexible roller chain couplings (left) are spherical roller bearings, spherical roller bear- 

sile strength#*d as balance, counterweight widely used for joining wing flap sections. ing pillow blocks, and _ self-aligning ball and 
dsling chains. All parts hardened They have minimum backlash, can accept roller bearings in pillow blocks, flanged, flanged- 
maximum durability. up to 5° total angular misalignment. cartridge, cartridge and takeup blocks. 
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MAXIMUM ROLL ANGLE, ¢,,, (DEGREES) 
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Fig. 9. Maximum roll angle (¢maz) vs. wetted length of vehicle for various 
sea states. 
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Fig. 10. Cumulative distribution of wave height occurrence for various 
locations. 
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angular deflection from the vertical for 40- and 
175-ft vertically floating cylinders, East Equa- 
torial Pacific. 


Fig. 12. 


LONG BURNING 
TIME CASE 


[WATER 
ENTRAINMENT 
EFFECT (AFTER 
WATER EX?T) 
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Alle 


0.2 04 0.6 0.8 1.0 1.2 14 1.6 18 2.0 
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Fig. 14. Acceleration vs. time for Project Hydra telephone pole test at 
NMC on June 3, 1960. 


Shaded area indicates the regime 
investigated in which there was no water in- 
ertia effect which resulted in nozzle choking. 
(* Scout has not been water launched; 
cluded for comparison only.) 


Fig. 13. Thrust loss as a function*of water depth. 
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Fig. 15. Acceleration, velocity, and distance vs. time for Project Hydra 
telephone pole test at NMC on June 3, 1960. 
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depth. 


Hydra 


Water Entrainment 


As a result of its motion through the 
water, the sea-launched rocket entrains 


an amount of water. The effect ap- 
pears as an increase in the mass which 
must be accelerated by the rocket. 


Thrust Loss 


Sea-launched rocket vehicles have a 
thrust loss resulting from the nozzle 
exhausting to hydrostatic pressure. 
Fig. 13 shows the thrust loss in percent 
of sea-level thrust as a function of water 
depth for a rocket used in Project 
Hydra. For the sea launch, as for any 
rocket designed to operate in a region of 
considerable ambient pressure, the most 
efficient rocket is one with a high 
operating chamber pressure. 


Water Drag 


Although the vehicle velocity during 
the sea-launch phase is small relative 
to the velocity attained later in flight, 
movement through the relatively dense 
(in comparison to air) water medium 
can result in a discernible loss, depending 
upon the vehicle configuration. An 
optimum configuration to minimize 
water drag would be a vehicle with a 
smooth external surface of constant 
diameter in order to reduce parasite 
and pressure drag. 


Water Inertia Effect 


The effect of water inertia produces a 
pressure field about the rocket vehicle 
which tends to choke the nozzle as 
described above in conjunction with 
the starting transient. Two other 
effects are, first, that the increased 
pressure can be deterimental to the 
vehicle structure and, second, that the 
closed breech effect increases the launch 
acceleration. 

Fig. 14 is a plot of acceleration vs. 
time for a telephone pole which was 
launched from a vertical floating posi- 
tion using a short burning time booster. 
During the initial portion of the launch 
phase, the sea-launched vehicle experi- 
ences a greater acceleration than a 
corresponding land-launched rocket; 
during the latter portion the reverse is 
true. A comparison between the sea 
launch and land launch can be made by 
comparing the area under respective 
acceleration vs. time curves during the 
launch phase. In this particular case, 
the sea launch is 4.4 percent less 
efficient, in large degree because of the 
high drag of the telephone pole. It 
should be remembered that the gain or 
loss refers only to the launch phase and 
not to the entire burning phase. Thus, 
for a sea-launched booster with a 
burning time of 40 sec, the in-water 
phase would be a very small part of the 
overall burning time. After water 
exit, a sharp increase in acceleration is 
noted. The reason for this increase is 


that during launch a certain amount of 
water is entrained by the vehicle and 
the water adheres to the vehicle at 
water exit. Shortly after exit, as the 
water is shed, the overall mass is re- 
duced and, under constant thrust, 
an increase in acceleration results. 
Analysis of the portion of the curve 
after water exit indicates that 2,370 
lbs of water were shed in the first two 
tenths of a second after exit. This is 
equal in weight to a water layer of 
one-inch average thickness. Fig. 15 
shows the acceleration and derived 


+ 


+> 


velocity and position vs. time curves 
for the telephone pole launch test. 
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Decentralized Decisions (Continued from page 15) 


Polaris, Atlas, and Bomare, the relation- 
ships among the scattered corporate 
and governmental organizations in de- 
velopment, proof, production, and 
follow-up support may be described by 
a network. 

A network is essentially an outline of 
events and the activities that lead to 
each. Before the work starts, a pro- 
posed network shows a starting point, a 
completion point, and initial work 
routes between them. A network starts 
with specifying the originating source 
of authority, the ultimate objective, 
milestones (in level of detail to be dis- 
cussed below) of accomplishments, and 
decision points along the activity paths. 
Thus, a network is a product-oriented 
description of past and future activities, 
with major events as milestones against 
which progress may be measured, and 
with other major events shown as deci- 
sion points. 

In describing networks, the terms 
milestone, activity, and decision point 
are essential. Event milestones, as ob- 
jectively measurable accomplishments, 
have a long history of use in industrial 
management; work activities are also 
familiar. The Air Force and the Navy 
have introduced these terms into their 
contract procedures. An unpublished 
Air Force document® dealing with 
weapon system contract administra- 
tion explains the terms: 


An event is a milestone representing 
the point in time at which an activity 
is started or completed. Events that 
might bound an activity are, for 
example: ‘component X_ received’ 
and ‘component X testing completed.’ 


An activity is described as: “...a 
job or task in the weapon system de- 
velopment, requiring both time and 
resources. Activities represent the 
work that must be done to achieve 
the program objectives. An example 
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of an activity is ‘test component 
” 


An earlier Navy document’ sets forth 
the same concepts in slightly different 
language: 


A milestone is “. . . a meaningful 
specified accomplishment in the de- 
velopment program. An event should 
be recognizable as a particular in- 
stant in time.” ‘An event is sepa- 
rated from other events by activities. 
An activity is a time-consuming ele- 
ment in the development process. 
It is represented on a flow chart 
(or network, Ed. note) by an arrow. 
An activity cannot be started until 
its preceding event has been ac- 
complished. A succeeding event to 
an activity cannot be accomplished 
until the activity is completed.” 


Decision points, as related to the 
management of weapon system pro- 
grams and as displayed in networks, are 
discussed in subsequent paragraphs. 


Delegations 


The first evidence of management in a 
program is a series of initial decisions, 
from the office of the responsible pro- 
gram manager; these are called dele- 
gation decisions because they delegate 
authority, responsibility, and funds to 
others for performing specific parts of 
the work. The basic structure for pro- 
gram management may be traced from 
the program manager’s office, through 
successive tiers of organization, to the 
most remote working groups—by con- 
tinuing delegations. These delegations 
are the process by which management 
partitions the work. The program 
manager may assign work to subordinate 
units within his organization, to sister 
units within the larger organization of 
which he is a part, or by contract to 
other organizations, governmental or 


Aerospace Engineering 53 


— 
é 
- 
ORTH. 
re 
u 


private. His ultimate responsibility 
and authority are undiminished by his 
acts of delegation to other organiza- 
tions. The network of events and 
activities, reflecting the delegation de- 
cisions, leads from the program mai- 
ager’s office into each of the other units 
made responsible for parts of the pro- 
gram; his responsibility is not dis- 
charged until the delivery of the prod- 
uct at the end of the network. 

In organizational terms, the basic 
network records these levels of delega- 
tion decisions, showing each instance in 
which any one organization has an input 
or an output to some other organiza- 
tional unit. The critical points* for 
each subunit are the start and the com- 
pletion of its activities, with inter- 
mediate inputs and outputs—if any— 
identified between these two points. In 
this situation the subunit may have a 
network of its own which delineates the 
activities and events it determines to be 
necessary to completion of its assign- 
ment. This network of the suborgani- 
zation may in turn encompass addi- 
tional suborganizations, in which case 
the networks are said to be nested. 


Alternative Paths in Development 
Programs 


Describing delegation decisions and 
nested networks may give the erroneous 
impression that objectives are neces- 
sarily reached by a predetermined route. 
It should need no reiteration that the 
essence of development programs is the 
search for a way through the unknown 
to a desired result. That is, whether 
there is a unique solution or whether 
there are alternative ways of accom- 
plishing the same result, a program is 
conceived and a network of activities 
and events established before all of the 
specific routes to success are deter- 
mined. “Any complex development 
project must be undertaken in steps or 
stages, the later stages depending upon 
the results of the earlier ones. It is 
therefore a problem in sequential deci- 
sion making.’’® 

There are at least two classes of situa- 
tions requiring consideration of alter- 
native methods for accomplishing the 
same objective. In one case there may 
be a unique physical situation and a 
unique physical solution. In such a 
case it may be prudent to consider giving 
parallel technical assignments to more 
than one organization to reduce the un- 
certainties of success. In the other 
case, ranges of physical solutions may 
involve compromises among cost, time, 
or performance. With no one _ best 
solution really available, the choice 
among alternatives rests on a judgment 


* Decision points are also critical and 
belong in the same analysis, but for ease 
in composition they are treated separately 
in sections following. 
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as to which compromise among cost, 
time, and performance produces the 
most desirable solution. 

The existence of alternative routes 
through the unknown has a different 
significance for the organization unit 
responsible for one specific solution, in 
contrast to higher organizational units 
whose larger responsibilities include 
broader solutions of which the first unit’s 
part is but one piece. To the imme- 
diately responsible unit, finding an 
acceptable solution is its primary con- 
cern, within the limits of time, cost, and 
reliability set for it by higher units. Its 
knowledge about physical phenomena, 
the properties of materials, relative costs 
and reliability, and skill and intuition 
are brought to bear in considering 
various internal alternatives, testing 
each, rejecting some, and eventually 
eliminating all but one route to the 
assigned objective. Its skill in this 
process is, fundamentally, the reason it 
was assigned the responsibility for this 
specific piece of work by the program 
manager. 

To the higher echelon, the intricacies 
of the lower organizational unit’s selec- 
tive processes are of minorconcern. The 
unit was initially selected for the task on 
the basis of demonstrated or presumed 
capability for this task and, of equal 
significance, because the unit committed 
itself to finding an acceptable solution 
within definite limits of cost, time, and 
reliability. Accordingly, to the higher 
echelon, the significant facts are whether 
or not the lower organizational unit 
continues to agree to its performance 
commitment and the degree of assur- 
ance which can be assigned to predic- 
tion of its success. 


Reducing Uncertainty Through 
Redundancy 


The pursuit of a known, or desired, 
objective through the unknown is of 
course fraught with uncertainty. 
Where effort is being devoted to the 
search, uncertainty cannot be reduced 
by tighter restrictions on the searcher, 
by frequent reviews of his failures, or 
by demanding more detailed justifica- 
tions of what he plans to do in the im- 
mediate future. Such methods pre- 
sume that the unknown is not really un- 
known and that information exists indi- 
cating which is the “right’’ way to pro- 
ceed. 

Uncertainty can be reduced, though 
never eliminated, by recognition that 
while current information does not show 
a “right’’ path to the desired end, in- 
formed hunches show promising courses 
worthy of investigation. Pursuit of 
any one of the alternatives is expensive; 
pursuit of two or more obviously adds to 
the expense. However, it is likely that 
increased costs can buy decreased un- 
certainty. : 


The physical “redundancy”’ in elee. 
tronic circuits iscomparable. In certain 
advanced electronic gear, the reli. 
bilities of the parts, when assembled 
into a “black box,”’ produce an overal] 
reliability that may well be below the 
acceptable limit. Increasing the relia. 
bility of the completed black box (analo. 
gous to decreasing the uncertainty of 
success facing the program manager) 
may be achieved in spite of the current 
state of the art and unreliability of the 
circuit elements, through redundancy jp 
design. With redundant circuits, when 
a critical circuit fails, failure of the sys. 
tem is avoided by the stand-by cir. 
cuitry which operates in the event of a 
first failure. In spite of uncertainty of 
the failure rate of the paths through the 
black box, the reliability of the whole js 
raised by providing alternative paths to 
meet the operating requirements, 
Similarly in managing an R&D effort 
with uncertainty about any ‘one path 
through the unknown, the certainty 
of success can be increased by increasing 
the number of paths along which effort 
is expended. The redundancy may. be 
in terms of additional organizational 
units pursuing identical physical ap- 
proaches or in terms of differing tech- 
nological approaches to the same objec- 
tive. The trade-off between economy 
and certainty is obvious. Not so ob- 
vious, but equally important, is the 
burden placed upon the information 
system. 

The manager must be provided 
sufficient information to be assured that 
each different approach to the objec- 
tive is in fact a chosen approach by 
responsible management. In addition, 
“stop-loss’’ decision points must be 
firmly established along each route, so 
that as soon as any one of the alterna- 
tive routes shows a sufficient probability 
of success, other alternatives will be 
terminated, or deliberately continued 
for objectives other than the original one. 


Milestone Events vs. Decision Points 


The accomplishment of milestone 
events, or their slippage, measures tech- 
nical progress toward achieving the end 
product. The action taken at decision 
points, or the lack of it, is a measure of 
the performance of management in the 
program, 

There are several kinds of decision 
points which will be discussed in rela- 
tion to various levels within the program 
organization. Management decisions 
are required at every level to resolve 
ambiguities and lay out specific work 
assignments. Management decisions 
are also involved between organization 
levels, when a higher level has limited 
the delegation of authority and responsi- 
bility to subordinate organizations by 
specific constraints, which can only be 
removed by future decisions from the 
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Fueling is one of the most important operations in the 
successful launching of a rocket. Since propellants are 
poisonous, breathing protection equipment must be worn. 
The Scott Air-Pak Model 8100-A2 has been designed to 
meet the exacting requirements of this hazardous opera- 
tion. It delivers pure, fresh air, instantaneously ‘‘on 
demand” as required by the wearer regardless of the degree 
of exertion. 


Special attention has been given to the metallurgy of the 

component parts to insure unfailing service in atmospheres 

of dangerous propellants such as fuming red nitric acid 

and unsymmetrical dimethyl-hydrazine. 

The Scott Air-Pak has been established as standard equip- 

ment by Army Chemical Corps and Army Ordnance for 
launching crew protection. 


Write for complete information. 


{ 275 ERIE STREET e@ LANCASTER, NEW YORK : 
; Export: Southern Oxygen Co., 3 West 57th Street, New York 19, N.Y. 3 
West Coast Office: Fulton-Ventura Building, 13273 Ventura Boulevard, Studio City, California 


SCOTT AVIATION CORPORATION 


as much a part of 


the Weapons System 


The Scott 8100-A2 Air Pak incorporates 
the latest advances in chemical resisting 
materials. Two small compressed air cyl- 
inders are used instead of one large cylin- 
der. This reduces bulk and makes the unit 
easier to wear with protective clothing. 


The Scottoramic Mask which is standard 
equipment completely protects the eyes 
and face. It provides unlimited vision in 
all directions and helps the wearer to spot 
danger zones for maximum safety. 
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higher level. The subordinate units are 
not allowed to proceed with the work 
beyond such a point, if the delegating 
organization does not make the required 


enabling decision. A third kind of deci- 
sion point exists outside of the program 
structure, where favorable decisions are 
required at each management review to 
continue the program as scheduled. 


Decision Points for Resolving 
Program Ambiguities 


Networks are drawn up in the present, 
describing the past, and stretching 
into the future. In any research and 
developmental program, however 
sharply defined the objective may be, 
the intervening steps are inherently 
“unknown.” As previously stated by 
the authors,® ‘The lack of information 
between the beginning and end of a pro- 
gram is normal and to be expected. 
Part of the lack of specific information 
(the ‘unknowns’ just referred to) is due 
to the absence of knowledge which will 
be obtained as the work progresses, and 
part of it is due to inability to predict 
details of work not yet done.’’ How- 
ever, to reach the objective, these un- 
knowns must be resolved. The points 
at which it is expected that required in- 
formation will be available are identi- 
fied as “decision points,’’ points calling 
for specific management action to 
direct or redirect the immediate course 
of work to reach milestones further in 
the future. In management terms, a 
path through the unknown is charted 
step-by-step as facts become available. 
As these steps are scheduled, they can 
be plotted on the network as “decision 
points.”” The action when taken is a 
decision, measurable as an event essen- 
tial to progress. Although a decision 
may, in retrospect, be evaluated as to 
its effectiveness, decision points need 
not be confused with milestone events, 
which directly involve the product’s 
physical evolution. 

These points of decision for step-by- 
step resolution are set by a responsible 
official for his own guidance and that of 
his organization. They reflect his re- 
lationship with his own ‘‘in-house”’ 
work centers. Such decision points 
cannot be set for periods far into the 
future; they are established pro- 
gressively for definite future dates as 
rapidly as technical work progresses 
and sufficient additional knowledge is 
acquired. A decision identified by one 
of these points may involve more than 
“in-house’’ work for the immediate 
future. This occurs when it is decided 
to delegate a part of the newly scheduled 
work activities to an outside organiza- 
tion. In either event, as rapidly as deci- 
sions are reached and communicated to 
other affected organizations, additional 
parts of the network can be drawn in 
sharper detail, charting more of the 
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course through the unknown in terms of 
new milestone events, work activities, 
new decision points, incremental funding 
commitments, and performance-relia- 
bility specifications. 


Decision Points Between 
Organizations 


The second type of decision point 
involves two different organizations. 
When organization A has delegated to 
organization B a defined activity with a 
specified starting point, committed re- 
sources, and defined objective, the dele- 
gation may leave with organization A 
the right to approve, disapprove, or 
modify some intermediate step before it 
may be taken by organization B. To 
organization B, the network shows a 
decision point beyond which the or- 
ganization cannot proceed until author- 
ization or instruction has been received 
from organization A. To organization 
A, the network shows the same decision 
point and possibly the earlier date by 
which a proposal from B or other specific 
information must be received to provide 
the basis for the scheduled decision. 

These decision points occur frequently 
in the relations of a government agency 
with its industrial contractors. Incre- 
mental funding is an obvious example. 
The contractor cannot proceed, no 
matter how clear the course of the 
technical activities may be, until the 
contracting government agency has 
issued the paper committing the next 
increment of funds. The right to “‘re- 
view and approve’’ drawings and re- 
lated contractor products is another 
example. Corporate weapon system 
managers often reserve similar rights in 
their subcontracts with other industrial 
firms (Fig. 2). 

In far-flung weapon system teams 
where the contracting chain may be 
three or four tiers deep, there is serious 
danger that the effect of these decision 
points may not appear on all of the net- 
works that may be involved. Thus, 
when organization A retains a right to 
approve of the drawings of organization 
B, it may be that some of the drawings 
have been further delegated to organiza- 
tion C, pursuant to subcontract terms 
with organization B. The network of 
organization C should reflect the situa- 
tion, namely, that their drawings require 
the approval of organization B, a deci- 
sion point on both B and C networks, 
and that in turn B’s approval is subject 
to authorization from A. This “‘layer- 
ing’’ is a fact of life in the systems busi- 
ness, a fact too seldom reflected in the 
information B supplies to C. 


Decision Points Outside 
the Program 
The two types of decision points just 


discussed properly appear as events on 
each organization’s network. A third 


type, often of greater significance, is not 
so readily identified and may never 
appear on a network. Decisions to 
modify drastically or even to terminate 
a program may come from causes far be- 
yond the scope of the program. Thus, in 
the course of the annual budget exercise 
in Government, changes in require 
ments or the emergence of a different 
program, perhaps more promising, may 
lead to cancelling an on-going program, 
A contingency always hanging over a 
weapon system manager is the necessity 
at any time to defend the very life of his 
program. The information basis for 
program defense would lead too far 
afield for discussion here, but the type of 
decisions involved cannot be ignored, 
regardless of the contingent nature of 
such a ‘‘decision point.”’ 

Other conditions place additional 
responsibilities on subordinate manage- 
ment’s control of delegated tasks. One 
is the cumulative result of higher 
management’s commitment of money 
and calendar time to the subordinate 
unit. Neither can be salvaged once 
spent. Because of these commitments, 
higher management has a vested interest 
in the successful performance of dele- 
gated tasks. Accordingly, subordinate 
management is obligated to inform 
higher management when successful per- 
formance appears endangered by inade- 
quate progress. Proposals for change 
or requests for assistance should be 
made by subordinate management in 
these situations. Higher management 
must maintain measures of the progress 
actually made by organizations respon- 
sible for delegated tasks. One use of 
such measures of progress is a continuing 
appraisal and justification for not re- 
voking a delegation. 

The other condition is the contingency 
that external factors such as delayed 
availability of inputs or changes in re- 
quirements may trigger a re-evaluation 
of performance possibilities. New cit- 
cumstances invalidate the assumptions 
on which the original commitments 
rested, redirection requires higher man- 
agement decision following joint con- 
sideration of the circumstances. Sub- 
ordinate management is responsible for 
proposing revised time factors, reli- 
ability levels of product performance, 
and costs to be expressed in a new dele- 
gation, commitment, and work specifi- 
cation. The decision to be made is one 
of trading among these factors. Each 
of these three types of contingent decl- 
sions are difficult to schedule and dis- 
play, in advance, on a network. How- 
ever, once the contingency has arisen 
and decision is scheduled or made, these 
facts belong on the network display. As 
a matter of record, these facts are 
crucial for subsequent studies. 


Reporting Criteria 


Criteria for selecting levels of detail 
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to be recorded by each participating 
organization and for selecting informa- 
tion to be transmitted to other organiza- 
tions may be derived from program 
managers’ decisions, the substance of 
delegations (specification of time, cost, 
and performance-reliability), and deci- 
sion points. Thus, starting at the 
lowest echelon where all of the activities 
and events in the network except the 
first and the last are ‘in-house’ and 
under the control of the same supervisor, 
only the start and completion are re- 
ported to other organizations in the pro- 
gram.* The report on starts is made to 
the organization whose input initiates 
the activity, the report on completions is 
made to each organization to which the 
outputs are sent. In addition, the re- 
port of either start or completion may 
be sent to higher echelons. The 
criterion for selecting what to report is 
applied each time one organization has 
an input from or an output to another 
organization. For each milestone in- 
volving two or more organizations, each 
reports on what crosses the interface. 
An interface is the linkage between 
separate organizations, participating in 
a common program, providing for com- 
municating program directions. Ex- 
amples of interface flow are the infor- 
mation or product output of one 
organization becoming the input of 
another, and the decisions of one 
organization in the program constraining 
another. The full detail of each net- 
work is retained by the immediately 
responsible organization. These de- 
tails are, of course, available for special 
study to higher organizational units on 
a “management by exception”’ basis. 
The same criterion may be applied to 
decision points. Decisions whose sig- 
nificance pertains solely to ‘‘in-house”’ 
activities need not be reported to 
others. However, where a decision 
point reflects a constraint between two 
organizations, the networks and the 
reports of both organizations involved 
identify such decision points. This 
criterion of selection of what to report, 
rather than what not to report, is 
particularly relevant for decisions where 
an organization has retained the right 
to approve or disapprove of the work 
and proposals of another organization. 
The details of activities and events 
within a task are relevant only to the 
immediately responsible organization. 
Reporting to other echelons can be con- 
fined to interfaces of decisions and inputs 
from and outputs to others without de- 
priving other echelons of the infor- 
mation they need repetitively. 
This distinction between details of 
* These reports include the interrelated 
items of time, cost, and performance and 
reliability; the full scale of these reports 
is shortened for ease in exposition in the 
following paragraphs. 


58 Aerospace Engineering + 


June 1961 


significance solely to an immediately 
responsible organization, while totals or 
cumulative effects are of relevance to 
others in the program, particularly 
higher echelons, pertains from the 
lowest level of any development pro- 
gram up to and beyond the top office. 
Consider, for example, the top office 
responsible for a weapon system. To 
this office, the critical knowledge needed 
about each immediately subordinate 
participant is the basic dates of needed 
inputs and decisions and committed 
outputs, with costs, performance magni- 
tudes and assurances to be assigned to 
predictions of success. However, to 
those in the departments over such a 
weapon system office, each actual or po- 
tential weapon system is, in itself, only 
one alternative among many possible 
means to a desired end. When these 
alternatives are weighed, the weapon 
system program manager is required 
to report for his weapon system the 
cost, time, performance, and predictions 
as to eventual levels of each in terms 
comparable with similar magnitudes for 
competing programs. 

From another point of view, these 
criteria are eminently practical. A 
pervasive fact of American corporations 
is the heterogeneity of internal proce- 
dures, accounting methods, and book- 
keeping practices. The industrial com- 
plexes pulled together for developing a 
weapon system embrace companies 
whose ways of doing business are 
fiercely individual. Whatever the in- 
ternal differences may be, at the point at 
which any organization accepts a dele- 
gation and makes a commitment to 
accomplish a part of the weapon system 
development, the specifications of the 
commitment are, of necessity, in terms 
understandable to participants in the 
program. Reporting which follows the 
substance of decisions and delegations 
makes it possible to achieve necessary 
uniformity without individual partici- 
pants changing their internal systems, 
leaving each company free to operate 
its ‘in-house’ activities in its own 
terms. This is a reflection, in terms of 
reports and information, that the de- 
tails of activities and events within a 
task are relevant only to the im- 
mediately responsible organization. 

This description is one of paper-and- 
pencil manual reporting. If computers 
are involved, as they currently are in a 
number of governmental and corporate 
systems, the actual flow of data may be 
direct to a computer center. This 
direct reporting does not change the 
principles set forth. Read-outs sup- 
plied to the various organizations are 
held to the same level of detail as those 
spelled out for manual reporting. 


Recapitulation 


The relationships among organiza- 
tion units of input/output provide the 


basis for measuring progress of the 
whole program and its parts in terms 
of technical, physical accomplishment, 
Such relationships are established by 
delegations of specific tasks and are set 
forth in greater detail as the time is ap. 
proached for performance by the units 
involved. The delegations of detailed 
tasks for the whole program cannot be 
made firm, in the beginning; delegations 
are sequentially made by manage. 
ment in step-by-step definition of tasks 
and assignments to organization units, 
The information system is continuously 
responsible for displaying, through the 
networks and back-up data, the input/- 
output and decision interrelationships 
as they are developed. 

Each new delegation throughout the 
course of the program is a result of 
management decision. In this process, 
additional decision points in the future 
are established as points at which af. 
firmative action by the delegator will be 
required to permit the subordinate 
group to proceed further. 

In the relationships among organiza- 
tion units through which management 
operates, each unit that delegates a task 
is concerned repetitively only with infor- 
mation of the interfaces of its sub- 
ordinate units, including decision points, 
Each subordinate level is responsible for 
maintaining the details of its own inter- 
nal network of activities, milestones, and 
decision points. Network displays of 
each such unit reflect these differences. 
Decision points between the beginning 
and end of delegated tasks, whether dis- 
closed and scheduled in advance or not, 
provide higher management re-entry 
into the details of delegated tasks. The 
substance of decisions reached at 
scheduled decision points and upor 
occurrence of unscheduled contingencies 
are displayed in the networks of both 
organizations. In addition to showing 
newly scheduled and more detailed 
activities, revised milestones, and new 
decision points, the network should also 
show for historical purposes the time 
when the decision was taken. 


Conclusion 


Emphasis upon drafting networks of 
activities and events brings manage- 
ment and its delegation of responsibility 
and authority into sharp focus. Em- 
phasis upon including decision points in 
the network calls for a degree of open- 
ness rarely found in today’s economy, 
particularly in the government agencies’ 
contractual relationships with weapon 
system corporate managers and their 
industrial teams. 

As rapidly as management uses net- 
works, and has the courage to identify 
each restriction it wishes to impose upon 
its suppliers, the information system cat 
be tailored to the process. Criteria are 
provided for assurance that the neces- 
sary transactions are observed, meas 
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He took the luck out 
of heads or tails 


This AMF engineer had a delicate 
problem: to accomplish the separa- 
tion of the expended stages of a 
multi-stage rocket. If separation 
occurs too soon, thrust in the nearly 
burned out stage may exceed the 
aerodynamic drag, the tail overtakes 
the head, and...boom. A million dol- 
lar collision and no insurance. 


His solution: An acceleration 
switch that turns the burned out 
stage loose at the right split second 
...a Switch that makes rockets think 
for themselves. 


His switch is compact. It is de- 
signed to work in any missile at any 
range with any payload. It is ingen- 
iously simple in conception, design, 
and operation. A spring is attached 
to a free swinging hammer, the 
spring force acting to pull the ham- 
mer against the contact plate. At 
calibration the spring can be set to 
oppose any G from 1 to 100. When 
the missile is launched, the hammer 
is held back by the acceleration 
forces until the stage decays to the 
desired separation G. When the 
spring force overcomes the forces 
of acceleration, the hammer comes 
forward, strikes the contact plate, 
and the circuit required to make 
separation is closed automatically. 
No guesswork, no luck, no collision. 


Single Command Concept 


This simple solution to a tricky 
problem reflects the resourcefulness 
of AMF people. 


AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities. Its purpose: To 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 
* Ground Support Equipment 
* Weapon Systems 
* Undersea Warfare 
Radar 
* Automatic Handling & Processing 
Range Instrumentation 
¢ Space Environment Equipment 
* Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 


» neces P'SiNeering and manufacturing AMF has ingenuity you can use... AMERICAN MACHINE & FOUNDRY COMPANY 
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ured, and recorded, and that only the 
minimum necessary data are trans- 
mitted. A criterion is provided for 
establishing this minimum. At the 
same time, program visibility is main- 
tained so that responsible management 
can see potential troubles as they de- 
velop anywhere in the team and have 
the information necessary for remedial 
action. A basis is provided for man- 
agement by exception. Information on 
program performance will exist at every 
level or organization for ex post facto re- 
view of all transactions as a basis for re- 
warding rationally, not fortuitously, 
those who find a way through the un- 
known. 
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Aircraft Support Equipment at Sea (continued from page 19) 


Reliability 


The MD-3 power generation system 
noted above must provide a high degree 
of reliability. Interruption of power 
during the mandatory warmup period of 
the airborne navigation system ad- 
versely affects its alignment, and sched- 


selection of support equipment.- While 
these criteria may be considered ‘‘basic”’ 
to any equipment selection, ashore or 
afloat, experience has shown that they 
are frequently ignored or even misun- 
derstood by many support system de- 
signers. Many additional criteria such 
as human adaptability, mobility, and 
quality are also applicable to the design 
of support equipment, however, the 
scope of this paper precludes their 
discussion. 


Universality 


The Fleet commands have long been 
concerned with congestion on the flight 
and hangar decks, commonly called 
“clutter,” caused in part by the large 
quantities of support equipment re- 
quired. They have envisioned the de- 
velopment of a completely universal 
support system to provide for the basic 
servicing requirements of the aircraft 
and also reduce the quantities of equip- 
ment presently required. An approach 
to this goal, but not necessarily a final 
solution, has been the development of 
the model MD-3 multipurpose tractor. 
This concept, which has received con- 
siderable attention, assumes that most 
of the aircraft maintenance services re- 
quired on the flight deck can be provided 
in a single vehicle. These services in- 
clude air conditioning, low-pressure 
pneumatic power, electrical power, and 
towing capability. In consideration of 
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uled launching may be delayed if addi- 
tional stabilization time is required. 
Cost, and limited storage space avail- 
able, limit the practicability of achieving 
reliability by redundancy of either 
complete systems or circuits. 


this requirement, the adaptability of a 
gas turbine as the prime mover was 
recognized. Aircraft starting can be 
provided pneumatically by the use of 
bleed air; electric power, both d.c. and 
400-cycle a.c., is provided by means of 
shaft-driven generators, and air con- 
ditioning is supplied by utilizing the 
principles of air cycle refrigeration. 
The relatively small size of this servicing 


Simplicity 
The introduction of aircraft with com- 


plex electronic systems has created 
maintenance problems which are often 
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Fig. 2. Model MD-3 low-profile tractor servicing the A3J "Vigilante" aircraft. 
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4a 'n the next decade, the United States is committed 

to an extensive program of space exploration. The Jet 
Propulsion Laboratory has been assigned, by the National 
Aeronautics and Space Administration, a responsibility for 
lunar, planetary and interplanetary un-manned exploration 
programs. 

In the field of planetary exploration, the development 
and technology of automatic spacecraft and the gathering 
of scientific knowledge concerning the planets and their 
environment is involved. 

By 1970, sufficient scientific data is to be acquired 
demonstrating the feasibility of spacecraft capable of orbit- 
ing and landing on Mars and Venus. In addition, programs 
will be initiated for probing Mercury and Jupiter and for 
further penetration into space. 


The early Venus and Mars missions will utilize the 
Centaur launch vehicle and will constitute the ‘‘Mariner’’ 
series. These will be followed by the ‘‘Voyager’’ series 
employing the Saturn system. 


The vast amount of information to be acquired, the 
scientific research and testing necessary, the new concepts 
to be investigated and the number of areas to be explored 
constitute an extensive long-range program. The challenge 
of probing the unknown, the vigor with which these prob- 
lems are now being attacked and the demonstrated stability 
of the whole JPL operation provide career incentives for 
engineers and scientists in every field. 


Here is an unparalleled opportunity for you for years 
to come — investigate now! 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 
PASADENA, CALIFORNIA 


These new 
career opportunities are 
now open at JPL for 


SENIOR ENGINEERS 


and 
SENIOR SCIENTISTS 


in the following areas of 
research and development 


v 


Participation in the design and analysis 
of lunar and interplanetary trajectories; 
both ballistic and ion-propelled . . . 
planetary satellite orbit stability and 
interplanetary round trip studies. 

* 


Plan and design integrated scientific 
instrument test systems. Plan and direct 
system testing of scientific instruments 
in conjunction with the spacecraft system 
testing and environmental evaluation. 

e 


Perform design and analysis of structures 
for spacecraft and for future advanced 
projects in part, or in whole. 
Responsibility for conducting structural 
tests during research and development 
period through final analysis portion 

of programs. 


Work with research engineers and 
scientists as support instrumentation for 
studies on materials for rocket motors, 
space vehicles and space experiments— 
scope includes crystalline metallurgy, 
high temperature stress-strain 
measurements, induction and resistance 
heating. 


Perform advanced development on liquid 
propellant rocket engines and gas 
generators to be used in lunar and 
planetary spacecraft. Effort includes 
both in-house work and technical 
direction of outside contracts. 


Participation in the design, testing and 
evaluation of solar cell panels, 
development of laboratory sun-simulators 
—also includes development and 
evaluation of solar thermionic and 
thermo-electric systems. 


Organize and conduct experiments on 
the containment of high temperature 
plasmas for ultimate possible use 

in propulsion and for studies in 
thermonuclear physics. 


Send resume and professional 
qualifications, today, for 
immediate consideration. 
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Fig. 3. Engine installation and removal trailer used to remove the J57 engine from the A3D aircraft. 


beyond the ability of the average tech- 
nician to diagnose without complex test 
equipment. It is in the design of test 
equipment that the paradox of sim- 
plicity becomes apparent. It is recog- 
nized that equipment can be designed 
which will automatically analyze the 
performance of the system and indicate 
not only the malfunctioning component 
but also the optimum corrective action. 
While simplicity of operation can be 
achieved with this system, the services 
of a skilled technician are often neces- 
sary to maintain the test equipment. 
An example of a system of this type is 
the BACE (Basic Automatic Check-Out 
Equipment) which is being incorporated 
as an integral part of the A3J and W2F 
avionics systems. Obviously, the im- 
mediate area in which the skill is re- 
quired has merely been transferred and 
the basic problem of simplicity has 


not been solved. It is recognized that a 
blanket decision cannot be made in this 
area, and each design must be weighed 
on its own merits. It has been found 
that in most cases it will be necessary to 
select automatic test equipment to 
“speed”’ the diagnosis of a malfunction- 
ing system in order to ensure the avail- 
ability of aircraft for flight. Therefore, 
it must be concluded that the definition 
of the term ‘‘simplicity” in equipment 
design must be a case of individual judg- 
ment, depending upon which factor is of 
prime importance 

or simplicity of operation. While it is 
recognized that neither factor should be 
compromised, unavoidable personnel 
transfers and the necessity for rapid 
mobilization require that operational 
simplicity be emphasized if aircraft 
readiness is to be maintained. 


STANDARD SUPPORT EQUIPMENT 


SPECIAL SUPPORT EQUIPMENT 
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Fig. 4. The F4H aircraft with some of its standard and special! support equipment. 
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Standardization 


The complexity and cost of any sup- 
port system, whether ashore or afloat, 
dictate that standardization efforts be 
expended to ensure that the equipment 
provided is the minimum number fe. 
quired. One area in which notable 
progress has been achieved is in the 
field of engine handling. Conventiona} 
systems for handling engines haye 
proved to be inadequate for cartier 
operations. The congestion of working 
spaces, delicacy of equipment, and ep. 
gine weights of approximately 10,009 
Ibs necessitated the development of new 
equipment to simplify operations and 
reduce the number of units required, 
The use of matching I-Section rails and 
a safe, simple roll-transfer principle has 
proved to be a satisfactory solution for 
carrier applications and has made pos. 
sible the standardization of the engine 
handling system. An entire family of 
handling equipment has been designed 
to meet the requirements of engine re- 
moval, replacement, transportation, 
maintenance, and test. The matching 
rails are standard for each different 
piece of equipment. They are spaced 
48 in. apart and incorporate quick- 
operating rail end couplings which per- 
mit the rails to be mated, making pos- 
sible the roll-transfer of an engine from} 
one piece of equipment to another. The 
engine installation and removal trailer ] 
is shown in Fig. 3. This standardized 
system has eliminated the need for 
specialized hoisting, holding, and trans 
fer equipment. 

Another factor contributing to the) 
problem of standardization concerns 
special support equipment. Special \ 
support equipment is defined as “‘equip- 
ment which has application to one speck 
fic aeronautical model only,” and is 
generally procured directly from the 
prime aircraft or engine manufacturer 
because of the specialized requirements, 
The growth of aircraft complexity and 
the need for many special tools and 
fixtures have resulted in a sixteenfold 
increase in the number of special tool 
required for one aircraft over those tools 
required only 10 years ago for a comk 
parable aircraft type. The F4H ait 
craft with its associated support equip 
ment indicates this growth (Fig. 4) 
Emphasis is continually given to ff 
placement of this special equipment with 
standardized types which are applicable 
to many operations; however, the 
growth of system complexity has 
minimized progress in the area. Stand- 
ardization efforts are constantly re 
viewed in the interest of economy, the 
best use of available space, and the 
avoidance of. endless training of pef- 
sonnel. These efforts are being directed 
in the following specific areas: 

(1) Definition of maintenance pro- 
cedures and specific levels to ensure @ 
better understanding of “where” and 
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“‘when’’ maintenance will be accom- 
plished. 

(2) Distribution of the technical data 
concerning available ground support 
equipment. This information, pre- 
sented on ‘‘data sheets”’ and distributed 
to Navy contractors, is intended to 
advise the contractor of previously de- 
signed equipment which is available. 


Safety 


While safety is an important con- 
sideration in any equipment design 
program, it assumes even greater im- 
portance when the implications of an 
accident at sea are considered. Use of 
systems involving fluid pressure up to 
5,000 psi, high temperatures, hazardous 
and flammable fluids, and the necessity 
for conducting frequent tests under 
simulated airborne conditions have 
created a potentially dangerous condi- 
tion in the immediate area of the air- 
craft. Failure of support system com- 
ponents or even contact with fluids, 
such as liquid oxygen, could prove fatal 
if the hazard is not recognized and ade- 
quate precautions taken. To eliminate 
this possibility, special clothing, specifi- 
cally designed enclosures, and ‘‘fail-safe’’ 
features are utilized in the support 
equipment. The safe movement of 
equipment aboard a rolling and pitching 
platform, such as an aircraft carrier 
deck, is a problem peculiar to the Navy. 
Positive control of equipment which 
weighs in excess of 10,000 Ibs is of prime 
importance if accidents are to be 
avoided. Brakes which are auto- 
matically applied upon release of a tow 
bar and positioning trailers which are 
designed to remove and transport en- 
gines regardless of the ship’s movement 
are but two of many items specifically 
designed for carrier use. 

Facilities 

In conjunction with the design criteria 
previously noted, it would be of interest 
to review the scope of certain mainte- 
nance facilities. These facilities are 
designed to supplement the mobile 
equipment provided and enable the 
ship to perform its assigned maintenance 
responsibilities. While the discussion 
here is limited to engines, facilities 
similar in scope are provided for other 
major aircraft systems such as avionics, 
hydraulics, and survival equipment. 


Engine Test Facilities 


Recently the first turbojet engine 
test stand was installed aboard the 
carrier U.S.S. “Coral Sea.” The test 
stand is designed to play an important 
role in the maintenance mission related 
to the operational readiness and flight 
availability of turbojet-powered air- 
craft deployed with aircraft carriers. 

This turbojet engine test stand as- 
sembly is essentially the same as those 
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used on shore-based installations, except 
that the equipment is specifically de- 
signed for shipboard application. : The 
assembly consists of three units—a 
control panel, an engine service stand, 
and an engine stand. The control 
panel is housed in a sound-treated booth, 
one side of which is formed by the aft 
structural bulkhead of the main deck of 
the carrier. The engine stand, which 
accommodates and restrains the engine, 
and the service stand, which houses 
auxiliary equipment required for opera- 
tion of the engine under test, are in- 
stalled on a special ‘‘vibration isolation”’ 
platform. 

The vibration isolation platform is a 
novel device which is pneumatically 
supported by air bags similar to those 
used in motor coach and passenger car 


ing of engines which have been built-up 
to ensure their readiness for installation 
in a particular aircraft, thereby per. 
mitting the immediate replacement of 
engines which have been removed from 
aircraft for required maintenance. Jt 
also provides a capability for detecting 
engine malfunctions and permits testing 
to determine that discrepancies have 
been corrected prior to reinstallation of 
the engine in the airframe. 


Engine Storage Facilities 


In order to increase aircraft avail- 
ability, it is necessary that storage space 
be provided for a reserve stock of en. 
gines, built-up in the Quick Engine 
Change (QEC) configuration, tested, 
and ready for installation when a re 
placement is necessary. To provide 


Fig. 5. U.S.S. “Forrestal” (CVA-59) with its complement of aircraft. 


“air-ride’” suspensions. It was pro- 
vided to eliminate transmission of 
vibration from the carrier hull to the 
engine and permit the required engine 
performance measurements to be made 
accurately. 

Prior to the advent of the installed 
turbojet engine test stand, all engines 
were tested in the airframe. This re- 
quired respotting of the aircraft in order 
to make a specific aircraft available for 
test. It also meant that the aircraft 
being tested was not available for flight. 
Frequently, utilizing the airframe as a 
test bed required removal of a newly in- 
stalled built-up or repaired engine be- 
cause of leaks or component malfunc- 
tions which could not be corrected in the 
airframe. 

In contrast, the installed turbojet 
engine test stand provides for the test- 


the most efficient operation possible for 
carriers to support this requirement, 
facilities are being built into the ship 
which will accommodate a completely 
built-up engine. These containers have 
controlled humidity and temperature 
and are equipped with the standard 
roll-transfer rails which are shock 
mounted to eliminate transmission of 
vibration from the carrier hull to the 
engine. With a special hoist arrange- 
ment, monorail and bridge crane com- 


‘bination, the dressed engine is hoisted 


from the engine repair area and it- 
stalled on the rails in the containers. 
The engine is left in this container until 
it is needed for replacement. When re 
quired, a QEC unit is removed from the 
container and is immediately installed 
with a minimum amount of aircraft 
“down”’ time. 
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launch, Picture-taking 
weather satellite. Tiros | 


Above are some of the satellites orbiting the earth, a majority of which were launched by Douglas Thor 


The Douglas Thor rocket has orbited more satellites 
than all other rockets combined! 


Of all satellites put in orbit since 1958, 55% were launched by the 
Air Force-NASA Thor IRBM. In its last 83 tactical and space 
ftings by the Air Force, Navy and NASA, 86% have been com- 


Dletely successful —a reliability inherited from forty years of MISSILE AND SPACE SYSTEMS * MILITARY AIRCRAFT © DC-8 


JETLINERS RESEARCH AND DEVELOPMENT PROJECTS 
experience in aviation and 21 years in missiles and space. GROUND SUPPORT EQUIPMENT * AIRCOMB® » ASW DEVICES 
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Future Trends 


The growth patterns exhibited by 
aircraft carrier and support equipment 
(Fig. 5) during the past decade give us 
an insight into future support equip- 
menttrends. The need for an organized 
evaluation of future aeronautical growth 
patterns and their relation to ground 
support equipment must be recognized 
if the carrier facilities—spaces and 
equipment—necessary to maintain fu- 
ture aircraft are to be provided. 

It is the personal opinion of the au- 
thors that the complexity of Naval 
aircraft weapon systems will continue to 
increase during the next 10-year period. 
It is also our opinion that along with 
this added complexity, significantly 
improved system reliability is not likely 
to result if for no other reason than the 
increased quantity of components com- 
prising the systems. These factors not 
only will create maintenance problems of 
increased severity, but also will com- 
plicate the logistics of support to a 
degree far beyond that previously en- 
countered. Recent developments in 
airborne electronic systems have already 
spawned the development of new con- 
cepts of support which bear little re- 
semblance to procedures employed in 
the 1950-1960 era. 

Perhaps the most significant tech- 
nical advance of the coming decade will 
be the broadened utilization of auto- 


matically programed line and shop 
check-out equipment both for faulty 
component identification and for sub- 
sequent modular replacement determi- 
nation. This equipment will permit 
the use of preventive maintenance 
techniques, with the possibility of de- 
tecting incipient failures and system 
degradation. However, the time re- 
quired for “hookup” and check will 
probably preclude flight-line use of the 
automatic test equipment. This func- 
tion may be performed by small port- 
able test sets utilizing Built-In Test 
(BIT) or In-Flight Performance Moni- 
toring (IFPM) concepts. An antici- 
pated increase in the utilization of 
automatic in-flight monitoring tech- 
niques is expected to reduce flight-line 
“down” time in that knowledge and 
location of faults will have been de- 
termined and recorded prior to com- 
pletion of the aircraft mission. In- 
flight monitoring will not be adaptable 
to all aircraft, however, because of 
weight, space, and operation con- 
siderations. 

It is anticipated that changes in 
maintenance methods and techniques, 
due in great measure to the tremendous 
growth in aircraft electronic systems, 
may cause practically a complete 
obsolescence of shipboard facilities dur- 
ing the next 10 years. Future trends 
will center on increased requirements for 
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Hawk Missile Repair Shops (Continued from page 17) 


component repair to minimize require. 
ments for spare components. 
trolled atmosphere spaces may be re. 
quired to enable the rework of these 
precision tolerance components. 


Conclusion 


carrier decks. 


It is recognized that only a few of the 


many aspects of carrier-based support 
equipment have been touched upon; 
however, expansion of these ideas would 
require a treatise beyond the scope of 


this article. The main point of em 


phasis here is that support equipment 
is a vital factor in the operation of 


today’s high-performance aircraft from 
It is necessary that de 
signers of carrier support equipment 
recognize the limitations of the carrier 
environment in their basic designs to 
ensure that support equipment aids 
rather than impedes aircraft operations. 
It is also essential that designers of the 
basic aircraft recognize that the ultimate 
success of their efforts hinges in part on 
the suitability of the support equipment 


Co. 


provided. A system which cannot be @ : 


properly serviced and maintained in the 
field is unsuitable, particularly as a 
military weapon. Therefore, the re 
quirements for support equipment 
should be fully considered during initial 
design and development phases if the 
optimum maintenance of the system is 
to be achieved. 


Mission Completion 


Technical operators use the consoles 
either singly or in groups to perform the 
electronic tests necessary to determine 
the condition of each Unit Under Test 
(UUT). 

The operators select the proper pro- 
gram board for the specific UUT, insert 
it in the programer, and lock it in place. 
The programer then provides the neces- 
sary routing of stimuli and power to 
both the UUT and the modules of the 
console through the preprogramed setups 
for testing the UUT and the adapter 
cables which connect the UUT to the 
console. 

The consoles are then energized and 
the operators select the test sequences 
with the programer controls. The re- 
sults of the tests are displayed visually 
on the indicator units of the consoles 
and the operators determine the condi- 
tion of the UUT by observing the indi- 
cators. 
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After testing, the UUT is repaired and 
retested if necessary, and returned to the 
field equipment or to ordnance stock for 
later issue. A flow chart to illustrate 
this procedure is shown in Fig. 2. 


Equipment Composition 


Consoles 


During field usage, more than one 
console of each type is used to physically 
separate certain checkout functions, and 
permit faster servicing of the missile 
system. Careful selection of test in- 
struments, loads, power supplies, stimu- 
lus generators, programable functions, 
and functional combinations have kept 
the total number of modules and other 
items to a minimum, and provided 
extreme flexibility in application. 

A typical checkout group in the field 
at present consists of one microwave 
console and four CW/Pulse consoles. 
The actual number used can easily be 


changed to meet existing demands by h 


relocation of transportable shops as 
necessary. 


Modules h 


Of the 26 different modules referred to f 


above, 11 have multiple applications in 0 


both consoles. Eight of the eleven are 


used twice, one is used four times, one sp 


is used seven times, and one is used 
eight times. 
cost per module and carries with it the J 


advantages of standardization. h 


The use of a programing device which 
can be used either on a strictly semi: 
automatic basis or on a manually op yf 
erated basis permits deviations from 
-preprogramed setups for the units under 
‘test, in order to more easily find exist 
ing troubles. A programed setup might] 
show that a certain voltage is incorrett 
during a given test. Without changiig 
the general test pattern, it is possible @ 
utilize one or more of the test instrih im 
ments to help pinpoint the trouble. 3 


TECIs 


This reduces the. overall ii 
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nce off the firm footing of earth, the most critical need of any 
vehicle is for precise direction. The straight course of a sub, a 

ship, a jet... the precision track of missile or space vehicle... 
‘wm = these result from a directional reference of superior accuracy; 
a the kind provided by gyros made at Sperry. Whatever the appli- 
ctins tation, gyros by Sperry have a common denominator: stability. 


eleven ale 
ime Berry is dedicated to, concentrates upon, stability — absolute 
oy directional accuracy, absolute repeatability. The result is seen in 
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‘ce wii fhe Widespread technological successes achieved at the direction 
ay bf the Sperry gyroscope. General offices: Great Neck, N.Y. 
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Programing of functions and ranges 
of all controlled modules is accom- 
plished automatically for each par- 
ticular test setup (provided the pro- 
gramer has been set to “‘automatic’’). 
The switching itself is done by solenoid 
operated, rotary switches contained in 
the controlled modules, but the pro- 
graming is accomplished by the pre- 
determined setups required for the 
specific tests being performed. 


Indicators 


Direct reading, multiple-range, semi- 
automatically programed analog type 
indicators are used for several reasons, 
but the principal one is that the require- 
ments of the system are nearly all analog 
in nature. Other reasons include: 

(1) Versatility of equipment without 
extensive program changes. 

(2) Simplicity of operation of analog 
devices. 

(3) Minimization of the number of in- 
struments required for system testing. 

(4) Minimization of errors due to con- 
version of units and scales with indirect 
reading instruments. 

(5) Minimization of training program 
time for technical field personnel. 

In addition, use of digital indicator de- 
vices would require complex digital-to- 
analog and analog-to-digital conver- 
sions. Since nothing could be gained 
except additional complexity, if digital 
equipment were used, analog indicators 
were chosen. The sole exception to this 
rule was the counter which had to ac- 
commodate a wide range of frequency 
counting functions. To satisfy this re- 
quirement, digital means were found to 
be more useful for this task. 


Stimulus Generators 


There are three general types of 
stimulus generators in the consoles; (1) 
unmodulated CW, (2) modulated CW, 
and (3) pulse. In general, all stimulus 
generators are multiple-range units 
whose precise outputs at any given time 
are determined by the automatic 
programing for a particular test. The 
operator can intervene and alter this 
program with manual controls. 

The unmodulated CW _ generators 
cover wide bands of frequencies, rang- 
ing from 1 cps to 500 keps, and a large 
portion of the radar intermediate fre- 
quency band. Included in these ranges 
are several single-frequency outputs for 
special purposes. Almost all stimulus 
generators are provided with amplitude 
controls for variation of their output 
voltages. 

The modulated CW generators pro- 
vide for amplitude and frequency 
modulated signals, either separately or 
together. Noise modulation is also 
provided when required by the specific 
test program. In addition, modulating 
signals are provided by the console for 
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Fig. 3. 


Console. 


the external ‘“X” band microwave 
generator used with the system during 
tests. 

The pulse generators provide outputs 
which are variable in repetition rate 
(40-1000 pps), pulse width (1-2500 
usec), and amplitude (0-100V). In 
addition, provision has been made to 
slave one to the other and provide pulse 
delays. 

Due to the large number of system 
requirements for different power values 
(both a.c. and d.c.), programing of 
these supplies became necessary. In 
addition, this reduced the number of 
power supplies in the consoles, and re- 
duced weight and space. 


Expandability 


The original equipment provided for 
economic expansion of the testing capa- 
bilities. The soundness of this feature 
has been proved by later modifications 
to increase the testing capabilities of the 
consoles. New units have been added 
as needed without difficulty and at a 
minimum of cost. 


Fig. 4. One of 26 modules. 


Self-Check 


Self-checking capabilities have been 
incorporated into all consoles, to check 
out their own circuitry using appro. 
priate self-check programs. In _ this 
manner, the calibration of console units 
may be checked at any time, makirfg the 
shop equipment fully self-sufficient, 


Transformer and Relay Assemblies 


The transformer and relay assemblies 
are mounted in the pedestals of the con. 
soles for centralized a.c. power distri- 
bution and control. Time delay relays 
are used to provide simultaneous. pro- 
tection to all of the modules by delay- 
ing application of all high voltages until 
the module filaments have had time to 
warm up. Thus, vacuum tube life ex. 
pectancy has been increased and failure 
rate reduced. 


Standardization 


Equipment 


The standardization program for the 
Hawk missile field maintenance equip- 
ment is based on studies made for the 
Army Ordnance Corps and other sery- 
ices by RCA and others. The con- 
census of these studies clearly indicates 
that numerous advantages can be gained 
from such a program. Some of these 
are: 

(1) Cost reduction. 

(2) Better specification and control 
of component parts. 

(3) Greater reliability. 

(4) Production economy (other than 
costs). 

(5) Multiple rather than single usage 
items. 

(6) Unit interchangeability. 

(7) Simplification of field maintenance 
problems. 

(8) Simplification of logistic prob- 
lems. 


Design Concept 


The design of the Hawk field main- 
tenance equipment was directed along a 
path of standardization. A _ suitable 
compromise was made in which stand- 
ardization was carried as far as practical 
without limiting the capabilities of the 
end product in its mission to fulfill all 
system test requirements. Present de- 
velopment of standardized equipment 
such as the RCA DEE family (Digital 
Evaluation Equipment) permits eve? 
further reduction in the number oi 
specialized units. 


Drawer Design 


The Hawk system test equipment 
was designed around a_ standardized 
drawer size; only multiples of the basic 
drawer size were used (Fig. 1). 

Front panel sizes with widths of one 
two, three, and four times the baste 
width, and one or two times the bast 
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Said Isaac Newton: 


“Every particle of matter attracts every other particle with a force directly proportional to the product 
of their masses and inversely proportional to the square of the distances between them.” 


Until recently, the thrust which propelled rocket vehicles into their coast stage, prior to orbiting, was provided by booster 
stages. The fuel carried by the satellite stage was used only to inject itself into orbit. 

Now, however, a scientist at Lockheed Missiles and Space Division has evolved a Dual Burning Propulsion System 
which allows higher orbits and heavier payloads. With this system, the satellite vehicle fires immediately after the last booster 
stage burns out, thus augmenting the begin-coast speed. Later the satellite stage is re-started to provide orbit injection. 
An even more recent development by Lockheed is a triple-burning satellite stage. This will permit a precise 24-hour 
equatorial orbit, even though the vehicle is launched a considerable distance from the equator. 

These principles have made possible the early development of the MIDAS satellite. Moreover, they substantially 
increase the altitude and payload of the DISCOVERER series. Lockheed, Systems Manager for these programs and for the 
POLARIS FBM,iS pursuing even more advanced research and development projects. As a result, there are ever-widening op- 
portunities for creative engineers and scientists in their chosen fields. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-15B, 962 West 
{Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 
All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 


lockheed / mssues AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA*® CAPE CANAVERAL, FLORIDA® HAWAII 
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height were used. Only one module in 
each console required a double height 
panel. Present module front panels vary 
only in width, 20 percent are single 
width and 75 percent are double width. 

To further standardize the drawer 
size, the depth of all drawers was held 
constant. This simplified construction 
through the use of standardized racks. 
An additional advantage of this feature 
allows new arrangements of modules to 
be created with only minor modifications 
of rack wiring and/or module opening 
size in the rack. 


Module Design 


At the module level, standardization 
of hardware has been carried beyond the 
“screws and nuts’’ stage, and has been 
extended to include common basic parts 
such as module sides frames, rear panels, 
printed circuit support frames, module 
connectors, and printed circuit connec- 
tors. The basic panels and frames are 
modified as required for particular ap- 
plications. 

Mass production techniques may be 
utilized for production of these basic 
items. Only two types of connectors are 
used for module connections, and only 
one type for the printed circuit cards. 


Component Standardization 


Standardization of components and 
materials within the modules is carried 
as far as is possible within the design 
requirements of the individual modules. 
Every attempt has been made to re- 
strict components and materials to 
military standards. Reliability is en- 
hanced, and procurement and quality 
control problems are minimized. 


Range Safety—a Necessary 


Console Design 


The console racks also use stand- 
ardized hardware, components, and ma- 
terials. In addition, welded construc- 
tion is used for all basic rack framing, 
and jig assembly techniques are used for 
positioning all detachable frames and 
module guide rails. In this way, uni- 
formity of the product is assured, and 
interchangeability of identical modules 
between consoles is completely realized. 


Mechanical Design Features 
Modules 


All modules are removed from the 
front of the console. Module support, 
positioning, and alignment are accom- 
plished by guide rails which mate with 
guide slots in the rigid side frames of the 
modules. This arrangement eases inser- 
tion and removal of the modules, and 
precludes connector misalignment prob- 
lems. 

Module retention in the console is 
accomplished by use of locking cam type 
handles on the front panels of the 
modules. The same handles provide 
cam action removal of the modules for 
servicing. 

Module location in the console has 
been determined on a human engineer- 
ing and functional basis. All indicating 
devices are located above the work table 
of the console; the power supplies are 
located in the pedestals below the work 
table; and modules with frequently used 
controls are located in the center and 
toward the right side. of the upper 
console. 


Programer 


The programing device is located at 
+ 


Evil (Continued from page 21) 


the right side of the upper console, y 
that all of its operational controls anf 
located within easy reach of the opera. 

tor. The entire programer assembly§ 
may be removed as a unit for service jf 
It is panel-mounted, and all connection; § 
are made with pluggable connectors, 


Front Panels 

Five front panels in the recessed inter. f 
mediate section of the console contain} 
all the circuit breakers and fuses for the] 
various a.c and d.c. power supplies, Jy 
addition, convenience outlets, anj| 
elapsed time meter, and most of the 
connector receptacles for test cables ar 
provided on these panels. The recessed 
position of the panels provides a larg 
work surface and also protection fron 


accidental damage to the panels. ‘ 
Wir ing ing 


The internal wiring of the consoles js) ™ 
composed almost completely of ref yp 
placeable wiring harnesses. (The only J the 
exceptions to this general case occu) 
where jumper wires are required within | 
subassemblies.) This feature permits} the 
individual assembly of the harnesses and 
the racks, thereby reducing production 
time for the console. In addition, labor 
costs for this type of assembly are much 
lower than they would be for point-to- tT 
point wiring. Whenever possible, the b 
wiring harness concept was extended th 


3 
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to the modules. 
Cooling 


Forced-air cooling is supplied to allf su 
parts of a console by a single simplex} de 
blower which is energized at all time) m 
during operation of the console. The 
ambient temperature of the entire con-F co 
sole is kept within safe limits at al} po 
times and the failure rate of components? fr 
and modules is reduced to a minimum. [ Fy 


the impact probability density dis- 
tribution will bea more complicated curve 
—nonmonotonous, with maximums at 
distances from the launcher approxi- 
mately equal to the ranges of the stand- 
ard impact points of the stages. 

For vehicles launched to put a payload 
into orbit around the earth (orbital 
mission) or ontoa space trajectory (es- 
cape mission), malfunctions can cause 
impact at any point on the surface of the 
earth. Again the impact probability 
density, because of possible malfunc- 
tions, will not be uniformly distributed 
over this potential impact area, and simi- 
lar considerations as above apply (Fig. 
3). The following is a description of a 
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possible model for the entire impact 
probability density distribution pertain- 
ing to an orbital mission. 

It is assumed that a_ three-stage 
vehicle will be used. At two distinct 
points along the IIP line, an accumula- 
tion of impact probabilities describes 
the impact of the first and second stages 
of a properly performing vehicle. The 
third stage is supposed to go into orbit. 
A ridge extends along the IIP line and 
its continuation (which may be con- 
sidered the projection of the orbit onto 
the surface of the earth). This ridge ac- 
commodates the impact probabilities 
resulting from both premature propul- 
sion termination and/or pitch program 
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errors and makes allowance for laterd 
dispersion not caused by a bias-type mal} 
function of lateral control.* The width® 
of the ridge will not vary too much, but 
its height should decrease with distanc 
from the launcher. In defining the 
height of the ridge, an allowance als’ P 
has to be made for the probability, smal 
as it might be, of tilting backward 

* The width of this ridge is determined) pl 
by atmospheric disturbances influencing ‘ ve 
the re-entering parts and by the deviatiol) a 
due to gross malfunction of control, caus) st 
ing the vehicle to tumble. A small bias § Te 
type malfunction, however, can cause thee C 
vehicle literally to go off on a tangent. § P 
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Fig. 3. Simplified model for the impact 
probability density distribution of a malfunction- 
| ing vehicle for a space mission (earth orbit or 
escape trajectory). Here it is assumed that the 
impact probability density is greatest along the 
"IP line, decreasing linearly with distance from 


the launcher and decreasing according to a 
cosine law with angular distance from the IIP 
line. The impact points of the stages of the 


‘vehicle (and the “legitimate” scatter around 


them) are not shown. 


The rest of the globe is covered by a 
“blanket”’ of impact probabilities whose 
thickness decreases in some fashion with 
the angular distance from the ITIP line. 
This “blanket” describes the impact 


probability distribution for vehicles 


subject to malfunctions causing lateral 
deviation, possibly combined with pre- 
mature propulsion termination. 

To the knowledge of the author, no 
consideration has been given thus far to 
possible range safety problems resulting 
from a vehicle returning from space. 
For many satellite missions, such return 
will not be necessary, and consequently 
the construction of the spacecraft is likely 
to permit burn-up during re-entry. But 
for some missions where recovery of the 
spacecraft or part thereof is required 


(manned spacecraft or data capsule), 


the resulting range safety problem must 
not be disregarded. Of course, the 
mission should be designed in such a way 
| that no range safety problem will result 
from spacecraft recovery as planned. 
However, a spacecraft, constructed so 
that it will withstand the strains of re- 
entry, will pose a range safety problem 
in case of malfunction of the return 
and/or re-entry maneuver. 


Possible Influence of Range Safety 
Activities 


determined 


influencing 
1e deviation 
mtrol, caus 
small bias 


It can be assumed that a prudently 
planned trajectory for a multistage 
vehicle, for instance, is laid out in such 
a way that the impact points for the 
Stages fall into the ocean, sufficiently 
\femoved from inhabited land masses. 


n cause tht) Consequently, no particular range safety 


tangent. 


' Problem would exist if all vehicles were 


performing as planned. This would be 
true even if the IIP line crossed over 
inhabited land masses. However, mal- 
functions, like premature termination of 
propulsion, could in such ‘‘overflight’’ 
cases result in impacts on land. If the 
IIP line does not cross over but passes 
close to inhabited areas, a hazard exists 
from malfunctions causing azimuthal 
deviations, possibly in combination with 
premature thrust termination. There- 
fore, in general, if the mission permits, 
trajectories are selected in such a way 
that overflight is avoided and an ample 
margin between the IIP line and the 
nearest land mass is provided. 

While a more detailed technical 
description of range safety activities will 
be given in the following section, some 
general considerations appear appro- 
priate at this point. The discussions 
thus far appear to indicate that, by 
appropriate planning, any hazard to 


Paty) 


Fig. 4. Schematic description of range safety activities, a ballistic missile: 
(a) No range safety action; impact is possible at any point within a (roughly) circular area around the 
launcher; the impact probability density pz, however, will vary with distance r from the launcher and 


azimuth deviation V from the intended flight line. 


(b) If range safety action were absolutely reliabl 


inhabited land masses can be avoided. 
This thought, however, merits closer 
consideration. It was mentioned before 
that the potential impact area for any 
vehicle is quite extensive and may for 
some cases encompass the entire earth. 
Only by appropriate range safety activi- 
ties, therefore, can protection be pro- 
vided. Such is being done by restricting 
the possible impact points of a vehicle to 
a certain area which may be pictured as 
a band extending on both sides of the 
IIP line. If the potential impact point 
shows a definite tendency to leave this 
band, flight termination action will be 
taken. Under ideal conditions, absolute 
protection could be provided for areas 
outside a given band extending on both 
sides of the standard IIP line. The 
dimensions of the band to which the 
impact points are supposed to be re- 
stricted, and of the band outside of 
which absolute protection could be 


and instant 


ability outside a given sector could be reduced to zero; inside, it would remain unchanged. However, 
there would be an accumulation of impact probabilities right along the boundary lines owing to the 
range safety action taken on vehicles which otherwise would have achieved impact outside. 
(c) Since range safety action cannot be absolutely reliable, there is a chance, Pesc, that flight ter- 
ination « dr ins without result; a vehicle may thus escape the range safety action. 
sequently, the impact probability density in the area to be protected—i.e., the area outside the given 


sector—will be pair, 


(d) Because of inherent delays, combined with velocity vector turning capabilities, etc., the impact 
probabilities for those vehicles for which flight termination action is taken and is effective will accumulate 
within a band extending on both sides of the originally defined boundary. Consequently, maximum 
protection (though not absolute protection) is provided to areas outside the outer edge of the band 


extending along the original boundary. 
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MEFig. 5. Arbitrary trajectory, pertinent in- 
stantaneous impact line (IIP), envelope E, to land 
masses to be protected (only right-hand area 
shown), and destruct line D. If flight is ter- 
minated at points A, B, or C, impact will occur 
at points A’, B’, or C’, respectively. The offset 
a, of the destruct line D, from the envelope E 
is indicated }for one point. 
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Fig. 6. Projection of an (arbitrary) tra- 
jectory into three planes used with real-time 
position indicating range safety equipment. 


guaranteed under these conditions, are 
of course, slightly different due to an 
allowance which has to be made for 
instrumentation inaccuracy. Besides 
the possibility that the available range 
safety intelligence might be biased be- 
cause of some instrumentation error, 
failure to execute the command for flight 
termination, obviously, could cause im- 
pact outside the band mentioned before. 
Consequently, absolute protection can- 
not be provided anywhere. Selecting a 
trajectory in such a way that the IIP line 
and the ‘‘exposure band’’ do not cross 
land masses can minimize the hazards 
(Fig. 4). However, such specific trajec- 
tory selection is not always possible. 


Protection by Present Range 
Safety Philosophy 


Information about the in-flight be- 
havior of a vehicle must be provided to 
the range safety officer in a form suitable 
to enable him to carry out his task. 
This information consists of, or is based 
on, optical observations (vertical wire 
sky screen, television sky screen, and 
optical sky screen, which give qualita- 
tive results; and optical tracking sys- 
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tems yielding quantitative data) and 
electronic tracking (radar, beat-beat or 
ELSSE systems, AZUSA, telemetry, 
and impact predictor, all yielding 
quantitative data). Because of the in- 
herent limitations of these sources of 
information, generally the propelled 
flight phase(s) will be subdivided into 
various subphases. Such instrumenta- 
tion then is selected as a primary source 
of information for a respective flight 
phase which has the greatest sensitivity 
under conditions prevailing in that phase. 
In order to safeguard against instru- 
mentation failures (gross misindication 
or complete dropout), each phase has to 
be covered by more than one instru- 
ment. Such redundancy may be sup- 
plied by instrumentation systems of the 
same type, aslongas they are independent 
of one another; if different systems are 
used, they should provide data of the 
same degree of quality. This latter con- 
dition, lowever, is not always met by 
range safety instrumentation presently 
in use. 

The information thus provided about 
the in-flight behavior of the vehicle is 
compared with the predicted nominal 
behavior and limiting conditions in a 
reference frame commensurate with the 
source of the information. The con- 
struction of these limit lines can be most 
easily explained for the case of an impact 
predictor. For all other instrumenta- 
tion providing quantitative information, 
the construction of the appropriate limit 
lines follows, at least implicitly, from 
that for the impact predictor. 

An ideal “‘real-time impact predictor”’ 
—in the true sense of the name—would 
indicate at any instant during propelled 
flight where the vehicle would impact if 
propulsion were terminated at that in- 
stant. Obviously, the trace plotted by 
an impact predictor will coincide with 
the nominal locus of impact points only 
if in actual flight the vehicle follows 
exactly the precalculated trajectory. 
Deviations (for instance, due to wind in- 
fluence) during propelled flight will re- 
sult in deviations of the actual line 
plotted by the impact predictor from the 
preplotted nominal IIPline. For future 
reference, deviations of this type will be 
designated Type J deviations. 

Since no technical device is perfect, all 
kinds of instrumental inaccuracies come 
into play—for instance, tracking in- 
accuracies, inaccuracies resulting from 
digital-to-analog conversion, rounding- 
off inaccuracies in the calculation of the 
coordinates of the predicted impact 
point, simplification in the computer pro- 
gram used for impact prediction calcula- 
tion, and plotting inaccuracies. All 
these possible inaccuracies combined 
will be referred to as Type IJ. 

There is another type of possible 
deviation which needs some detailed 
consideration. The impact predictor isa 
high-speed computer teamed with appro- 
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priate input sources (for instance, rada 
or AZUSA). Real-time position jp. 
formation is fed into the computer which 
smoothes and differentiates these dat, 
to derive “real-time” velocity compo. 
nents. Using position and velocity, the 
computer calculates the coordinates of 
the point where the vehicle would impac, 
were its propulsion terminated jp. 
stantaneously. The coordinates of this 
point are continuously displayed on q 
plotting board. From this description 
it is obvious that there cannot be any 
“real-time impact prediction’ in the 
true sense of the word. Smoothing and 
differentiating of position data already 
provide the velocity for a past instant: 
also, the impact calculation proper takes 
time. The intelligence displayed by the 
impact predictor can, therefore, be said 
to be lagging behind reality. Conse. 
quently, an allowance is made for the 
maximum deviation which could possibly 
develop during thislaginterval. Assum. 
ing that the velocity vector turns later. 
ally as fast as physically possible for the 
given interval, the additional lateral ye- 
locity thus accumulated is multiplied by 
the so-called ‘‘time remaining”’ to calcu- 
late possible lateral deviations. ‘Time | 
remaining”’ is the time interval from the 
instant under consideration to impact if 
propulsion were terminated at that in- 
stant. These deviations will be re 
ferred to as Type III. It is practical 
to include in the Type III deviations 
an additional allowance for the reaction 
time of the range safety officer. 

If the range safety officer does terni- f 
nate propulsion at any given time, such 
action is conventionally coupled with 
destruction of the vehicle. In case ofa 
liquid propellent vehicle, this is done for 
two reasons. If it were desired to 
terminate propulsion by giving cutol 
command only, actual thrust would con- | 
tinue for a finite time interval for tech- | 
nical reasons (valve closing time, etc.), 
Destruct of the vehicle, of course, is the 
fastest means of terminating propulsion. | 
Another reason for destructing the 
vehicle is the desire for “fuel dis 
persion” —i.e., preventing the explosion 
of large amounts of fuels at impact 
The debris resulting from destruct action 
will impact in a scatter pattern around 
the hypothetical impact point of their 
common center of mass. Consequently, ! 
an allowance for this scatter and poss 
ble wind influences upon the re-entering 
pieces will have to be made. This 
allowance may be designated Type / y. 

An additional allowance is made it 
general for the fact that the geographical 
location of the areas to be protected § 
known only with limited accuracy. 
This allowance will be named Type 

In order to provide maximum protec: 
tion to given land masses, therefore, 
the actual IIP is not permitted to cross 
over a line which is commonly called the 
“destruct line.” This destruct line 
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defined as a line offset from an envelope 
to the land masses to be protected by 
amounts combining the allowances 
Types I through V mentioned above. 
Because the flight conditions of a vehicle 
change with flight time (for instance, 
the velocity vector turn angles which 
can be accumulated during a given time 
interval), the destruct line is not parallel 
to the envelope of the land masses. It is 
obvious that maximum protection is 
achieved by adding all these allowances 
arithmetically (Fig. 5). 

If the nature of the experiment does 
not impose any launch azimuth restric- 
tions, the mission planner should select a 
launch azimuth which leaves an ade- 
quate margin between the nominal IIP 
line and the destruct line. If, on the 
other hand, the experiment requires a 
certain launch azimuth, and the result- 
ing IIP line violates the conventional 
destruct line, either the experiment can- 
not be carried out or certain require- 
ments of the conventional range safety 
policy must be waived. Ordinarily, in 
such cases the conventional range safety 
requirements have to be met wherever 
possible and the quality of the actual 
trajectory has to be assured at the time 
just before a given waiver applies. This 
restriction can be visualized as the condi- 
tion that the vehicle can enter a danger 
zone only through a narrow window, 
selected in such a way that it can be 
reached only by a vehicle that has per- 
formed satisfactorily up to that point. 

The unique factor of the impact pre- 
dictor—namely, the ability to calculate 
the future impact point on the basis of 
present position and velocity informa- 
tion—is not inherent in other range 
safety instruments. They may be 
classified as real-time position and 
velocity indicators. The real-time posi- 
tion derived from a tracking radar, 
for instance, is displayed on a plotting 
board and the direction of the pertinent 
velocity can be recognized from the 
slope of the developing position curve. 
The chart on the plotting board shows 
preplotted an appropriate projection of 
the nominal trajectory (Fig. 6) and one 
or two families of range safety curves. 
These range safety curves are deter- 
mined in the following way. 

It is assumed that at any time after 
take-off the distance from the launcher, 
and the speed reached, are the same as 
in the nominal case. With these assump- 
tions, the direction of a specific velocity 
vector (in the appropriate projection) is 
constructed for each point on the plot- 
ting board. The absolute value of this 
specific velocity vector is equal to that of 
the nominal velocity vector pertaining to 
a position on the nominal trajectory 
having the same distance from the 
launcher as the point under considera- 
tion. Its direction is selected in such a 
way that impact would occur on a so- 
called impact limit line should propul- 


sion be terminated at the instant the 
missile position coincides with the point 
under consideration. The impact limit 
line is equivalent to the destruct line de- 
rived in the preceding discussion of the 
impact predictor. Of course, it is not 
identical with it. A different allowance 
for the Type III deviation has to be 
made since the characteristic time lag 
for the real-time position plotting board 
is, in general, different from that for the 
impact predictor. Furthermore, an ad- 
ditional allowance has to be made for the 
obvious shortcoming of the assumption 
that distance gained and speed achieved 
at a given point are independent from the 
actual flight path through which this 
point was reached. Of course, these 
charts are valuable only as long as no 
gross deviation has taken place. An- 
other allowance is made for the in- 
accuracy in guessing parallelity of two 
curves. These velocity directions con- 
structed for all points on the chart de- 
fine a family of curves, the range safety 
curves for the respective projection (Fig. 
7). If one such projection can take 
care of two different impact limit lines 
(for instance, to prevent large deviations 
to the left and to the right of the nominal 
flight path), two such families of range 
safety curves will be shown. Flight is 
terminated whenever the trace of the 
actual flight parallels one of the neigh- 
boring range safety curves. 

In general, projection is made into 
three planes—the ground plane and two 
vertical planes. 


Space Age Demands on Range 
Safety 


The presently used range safety 
philosophy may be considered adequate 


X-H PLOT 


for the development of ballistic missiles 
though in a number of cases it proved ty 
be quite a hindrance, and in general it 
complicated the flight-test program 
For instance, the requirement to provide 
maximum protection to land masge 


necessitated selection of targets wel} 


clear of land masses, and thus deprived 
the missile developer of benefits he cou 


otherwise have derived from land-baseg f 


instruments observing the  terming 
flight phase. The early space program, 
content with putting a satellite into any 
orbit, did not yet feel the fetters of thi 
philosophy. As the space program grey 
more sophisticated, however, its de. 
mands clashed with those of the current 
range safety philosophy. Thus an orhit 
with a prescribed inclination—necessary 
for the exploration of the lower edges af 
the Van Allen belt, for instance—can be 
achieved from a given launch site either 
by dog-legging (changing the flight 
azimuth during flight), if the launch 
azimuth is restricted, or by a launch 
azimuth resulting in an IIP line crossing 
over or passing close to certain land 
masses. In general, technical restric. 
tions imposed by the available booster 


power ruled out the former approach; | 


therefore certain requirements of the 
range safety philosophy had to be waived 
for such launchings. In some cases 
compromises were made between the re- 
quirements of the experiment and these 
range safety restrictions. 

Future space exploration will, as a 


rule, demand waivers of the range safety 


requirements if the present philosophy 
is upheld, while the number of easily 
accommodated cases will decrease. Ob- 
viously any regulation which has to be 


b 


X-Y PLOT 


Fig. 7. 


actual X-H plot, of an arbitrary trajectory 
actual X-Y plot, of an arbitrary trajectory 
projection of nominal trajectory 
permissible trajectory 


nonpermissible trajectory; as soon as the projection of the trajectory parallels neighboring rang’ 


safety lines (at D), flight termination action is taken. 
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suspended more often than it can be 
upheld has outlived its usefulness. 

The demand for a modification to re- 
sult in a less restrictive range safety 
philosophy is actually not radical. The 
reluctance to carry out this change can 
be explained psychologically by the 
aversion of the populace to any new 
and unusual technical device. Unfor- 
tunately, ballistic missiles and the 
technically related space vehicles are 
still included in this category, while 
airplanes seemingly have outgrown this 
stage. After airplanes had demon- 
strated an acceptable performance over 
the years, at least statistically, their 
flight over congested areas is now re- 
garded as commonplace, although their 
probability of malfunction is indeed 
greater than zero. Airplanes do occa- 
sionally fall into heavily populated areas. 

It is encouraging to note that the need 
for less restrictive range safety rules has 
been recognized elsewhere; see, for 
example, reference 1. But it appears 
that the fruits of such endeavors were 
never harvested. 

Opponents of the demands for mod- 
ernization might argue that the pres- 
ently used philosophy is capable of 
accommodating complicated space flight 
experiments via appropriate waivers, 
and discount the relative frequency with 
which these waivers are needed. How- 
ever, Waivers are granted—if at all—only 
after a detailed analysis of the proposed 
launch trajectory, of the resulting 


' hazards if the waiver were granted, and 


of the effects on the experiment in case 
the waiver were not granted. The 
data on which such analysis is to be 
based become available only shortly 
before the planned launch date (a 
commitment on the final weight data 


_ needed for the trajectory calculation, for 


example, is habitually hard to acquire). 
Consequently, most of the planning and 


| development phases have to be entered 


into and carried through without any 
assurance that the experiment will 
finally be permitted. 

What then should this modernized 
range safety philosophy look like? It 
should be of such a nature that reason- 
able planning for space experiments is 
possible within well-defined limits so 
that the permissibility of the experi- 


| ment does not remain uncertain until 


shortly before the planned launch date. 
More specifically, the new philosophy 
Must permit overflight—that is, the IIP 
line must be permitted to cross over 
land masses. But it would be unreason- 
able to demand that stage impact 
points may fall on land; the philosophy 
Must spell out an appropriate require- 
ment. It would be imprudent to en- 
danger land masses by an obviously 
erratic vehicle; therefore the range 
safety rules should contain appropriate 
restrictions. The requirement that the 
IIP line, as it develops in actual flight 


(or the actual trajectory), pass through 
a given window just before the actual 
IIP enters onto a land mass would be 
a criterion by which to determine 
continuation of the flight. With these 
restrictions, the impact probability 
density on land should turn out to be 
tolerable, though obviously not zero. 

If overflight is permitted—and it has to 
be—restrictions in the lateral direction 
also need not be extreme. In the con- 
struction of the limit lines, therefore, 
the various contributing factors should 
be combined statistically rather than 
arithmetically. Furthermore, the con- 
tribution stemming from the velocity 
vector turning capability should be 
treated as a statistical entity in itself, 
instead of using the maximum turn angle 
the vehicle is physically capable of 
achieving. In this way, destruct lines 
could be drawn closer to land masses, 
permitting nonzero, though small, im- 
pact probabilities on land. The per- 
missible impact probability density 
should be derived by a consideration of 
the resulting hazard—i.e., a combina- 
tion of impact probability density, 
population density, and so-called “‘lethal 
area,’ a characteristic for each given 
vehicle. Lethal area is defined as that 
area around the theoretical impact point 
within which damage or injury to prop- 
erty or persons could result. The de- 
fining parameters for the destruct lines 
then should be adjusted in such a way 
that the hazards resulting from possible 
impact compare favorably with every- 
day hazards (industrial, traffic, etc.). 

The planning of a given experiment, 
therefore, is seen to be a complicated 
endeavor. It should not be done in a 
ruthless manner, disregarding all range 
safety considerations. It should be free 
of hypocrisy and/or favoritism—the 
difference in the degree of protection 
afforded different geographical areas 
should not be governed by any non- 
technical considerations. The maxi- 
mum protection compatible with the re- 
quirements of the experiment should be 
provided. If dog-legging is possible 
without being detrimental to the experi- 
ment, it should be applied. But dog- 
legging applied in one phase of the trajec- 
tory might reduce the hazards in one 
area and increase them in others. Con- 
sequently, the trajectory planning turns 
out to be an optimization process. An 
honest optimum is obviously reached 
when all the means of trajectory shap- 
ing, compatible with the requirements of 
the experiment, have been used in sucha 
way that the sum total of the hazards is 
minimized under the additional restric- 
tion that in no place the hazard exceed 
a predetermined maximum. 

From the foregoing it is clear that 
such optimization necessitates a number 
of trial-and-error trajectory calcula- 
tions combined with other variational 
calculations—a time-consuming process. 
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This fact underlines again the need for 
clearly defined guidelines. Nobody can 
be expected to invest the effort, time, 
and expense necessary for such an 
optimization study if he has no guide- 
lines and must, after all, still fear that 
his endeavors may have been in vain, 
or that he could have gotten by with 
much less work. 

The modernized range safety philo- 
sophy must also provide for problems 
stemming re-entering space 
vehicles. Here it might be wise to 
distinguish between manned and un- 
manned re-entry vehicles. The group 
of manned vehicles, of course, will have 
to be subdivided into two classes—those 
of a ballistic type and those of an air- 
plane type. The former, in general, will 
not be capable of corrective maneuver- 
ing during the latter portion of re-entry, 
while the airplane type of vehicle will 
have this capability. If the airplane 
type does not carry restartable engines 
(glider type), its maneuvering capability, 
of course, is limited. For the ballistic 
type of re-entry vehicle the impact point 
will have to be planned in an area where 
no hazard exists and where considerable 
dispersion is permissible. For the ma- 
neuvering type, it can be expected that 
landing will be planned at an air base. 
The hazards stemming from a vehicle 
capable of maneuvering under power 
should not be different from those of 
any conventional aircraft. Because of 
the postulate that the modernized range 
safety philosophy must permit nonzero 
impact probabilities anyway, the hazards 
of the landing spacecraft will not pose 
any unusual problem. For the calcula- 
tion of the hazards resulting from re-en- 
try out of orbit, conditions apply which 
are somewhat different from those des- 
cribing the hazards which exist because 
of possible malfunction during ascent 
into orbit. While in the latter case, im- 
pact is possible at any point on the 
earth’s surface, the impact possibilities of 
the former will be restricted to a band of 
latitudes essentially determined by the 
inclination of the orbit. (Of course, in 
case of a polar orbit, impact again is pos- 
sible at any place.) 


Instrumentation Requirements 


On the one hand, no responsible range 
safety officer would be content with a 
single command channel for taking 
range safety action; on the other, he is 
content with dual channels (regard- 
ing practical limitations). It is reason- 
able, therefore, to demand that he 
should not base his decision to take flight 
termination action on the indication of 
only one instrument. This demand is 
specifically justified by previous un- 
fortunate experience resulting from 
action taken by a range safety officer on 
the basis of the indication of one instru- 
ment which—after the fact—was proved 
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to have displayed biased information. 
Practical limitations, of course, prohibit 
the demand for simultaneous coverage 
by a great many instruments. How- 
ever, the minimum requirement should 
be that flight termination action be taken 
only if at least two out of at least three 
instruments providing data of the 
same degree of quality (and preferably of 
the same degree of reliability, too) so 
require. Should coverage by some of 
those instruments have been lost—e.g., 
in case that information is available 
from only two instruments, and the in- 
dications of these two instruments con- 
tradict one another—it should be the 
option of the range safety officer to 
decide whether he wants to consider 
the combined information as unknown 
or whether he should put his trust in one 
of the two instruments. This decision 
will have to depend on the overall experi- 
ence of the range safety officer with the 
respective instruments as far as their 
reliability is concerned. 

Present methods of application of 
range safety instrumentation can be im- 
proved. The largest contribution to the 
distance by which destruct lines have 
to be offset from land masses to be 
protected generally is given by the Type 
III deviations (velocity vector turning 
angles). By reducing the time interval 
At by which the displayed intelligence 
lags behind reality, these Type III de- 
viations can be reduced appreciably. 
Thus, for example, by combining direct 
position measurements (from a radar) 
with quasi-direct velocity measurements 
(from a Doppler system modified to re- 
move ambiguities), one can save that 
portion of At which, in the currently used 
impact predictor system, is required to 
edit, smooth, and differentiate position 
data. Such a system (RADOP) has 
been recently proposed and can pre- 
sumably be made available with a mini- 
mum lead time. (See also reference 
2.) A few words are necessary concern- 
ing quasi-direct velocity measurement, 
as well as technical improvement of the 
impact predictor. Velocity determina- 
tion from Doppler-type information 
amounts to taking the difference of cycle 
counts at fixed time intervals. Thus it 
is evident that this type of velocity 
information also is already superseded 
when it becomes available. But, since 
simple differencing appears sufficient, it 
follows that the degree of obsolescence 
of this type of velocity data should be 
less than that of velocity data derived 
by a more complicated calculation proc- 
ess—e.g., from smoothed position data 
by numerical differentiation. Of course, 
some benefit can also be derived from the 
use of a faster computer. There is a 
movement afoot to replace in one spe- 
cific case the presently used IBM-709 
computer with a more versatile and 
faster IBM-7090. The additional ca- 
pacity and speed of this computer are 
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planned to be utilized in a rather fancy 
way—to accept simultaneously inputs 
from several sources, smooth and gen- 
erally edit those data in the conventional 
way, determine which source yields the 
most accurate impact prediction, and 
display that to the range safety officer. 
Details of these plans are not announced 
at present. Basically, there is no objec- 
tion to such a sophisticated procedure so 
long as it does not result in more severe 
restrictions for the vehicle—i.e., so long 
as the lag Af is not increased, during 
which the velocity vector turn angle may 
accumulate yielding the Type IIT devia- 
tions for the construction of the destruct 
lines. But it appears worth while to 
investigate the relative merits of the two 
possibilties—high accuracy and large At 
versus lower accuracy and small At. 

If the second approach were chosen, 
the Type III deviations would be 
decreased, but the Type II deviations 
would be increased; while in the high 
accuracy and large At case, the opposite 
would be true. However, it is quite 
conceivable that the combined contribu- 
tion to the destruct line offset of the lower 
accuracy and small At approach would 
be more favorable. These facts should 
be carefully investigated before the 
final decision is made about the way in 
which the new, more powerful computer 
is to be used. 

Thus far, telemetered on-board meas- 
urements have not been used as range 
safety intelligence because on-board sys- 
tems are considered a priori less reliable 
than ground-based ones. This assump- 
tion may be justified if new on-board 
systems are compared with proved 
ground systems. But, in the course of 
time, considerable flight-test experience 
has been accumulated for various sys- 
tems—e.g., attitude sensors. Thus a 
basis does exist for deriving a certain 
degree of confidence in those systems. 
(It also should not be overlooked that 
some of these systems are not peculiar to 
specific vehicles but have a more general 
application, thus broadening the basis 
from which confidence can be derived.) 
Therefore, the prejudice against the use 
for range safety purposes of information 
derived from vehicle-borne instruments 
should be abandoned. Comparison of 
such information with the predicted 
values and with permissible variation 
limits could be useful in placing the 
crucial decision for flight termination 
action on a broader basis. 

In this connection it appears worth 
mentioning that the guidance system 
of any missile constitutes some kind of 
impact predictor, and telemetered guid- 
ance information should, therefore, lend 
itself to supplementing the impact pre- 
dictor information proper. In case of 
radio guidance, no on-board informa- 
tion need be used; the input into the 
(ground-based) guidance computer can 
be diplexed to serve also as input for 


impact prediction calculation in th 
usual way. 

Another means of reducing the lag 
interval Af is given by proper combina. 
tion of direct position measurements with 
direct velocity measurements, the latte; 
derived from vehicle-based equipment. 

It is further conceivable that some 
computer could continuously compare 
impact prediction data obtained from 
different, independent sources and thus 
display some information as to the cop. 
fidence which may be placed in thes 
data. 

Detailed investigation of these var. 
ious possibilities is not intended at this 
time. They are enumerated solely to 
indicate possible avenues of develop. 
ment. 

As the ultimate development, com. 
pletely automatized range safety pro- 
cedures can be foreseen. This can be 
accomplished in various ways: 

(a) By programing a computer for 
the decision-making process needed for 
flight termination action, to be based on 
present-type instrumentation or its up- [ 
dated versions. 

(b) By programing a simple missile. 
borne computer to terminate the flight if 
certain critical (on-board) measure- 
ments exceed permissible variations. 

(c) By simultaneous operation, of sys- 
tems according to (a) and (b). 

The system proposed in (b) may be | 
envisioned as something similar to the 
automatic abort system developed for 
the Mercury flights. 

A word of caution, however, appears 
appropriate in these days when in- 
dividuals shunning responsibility gen- 
erally seek recourse to automatic com- [ 
puters for the decision-making process 
In any case of automated range safety 
equipment, there should be human super- | 
vision by responsible individuals, well 
trained in and familiar with all appro- | 
priate subjects. These individual 
should have the option to override, ii 
circumstances so dictate, the decision | 
about to be made by the automatic 
equipment. 
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ROD END INTERNAL 
THREAD TYPE “‘DREF” SERIES 


Design engineers in many industries are 
specifying new “‘DYFLON’’® SELF-ALIGNING 
and SELF-LUBRICATING SPHERICAL BEARINGS 

for these 5 major reasons: 


ROD END EXTERNAL 
THREAD TYPE “DREM” SERIES 


1. LOWER COEFFICIENT OF FRICTION 
...ldeal where lubrication is impossible or undesirable. 


2. WITHSTAND EXTREME VIBRATION... perfect 
performance under shock load conditions. 


3. WILL NOT ““COLD-FLOW”... even under extreme 
load conditions. 


4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS “LF” SERIES 
...eliminates corrosion problems. 


5. FAIL SAFE... due to ““Monoball”® design. 


In addition, due to their two-piece “MONOBALL”® design and Engineered to the same high standards as Southwest's 

plastic alloy insert, “(DyFLON” ® bearings have a long cycle life. popular *MONOBALL”® Self-Aligning Bearings. 

Alignment and installation problems are minimized. Oil-free for 

life means lowest possible maintenance costs. Soutuwest ““DyFLon’’® “Monoball’’® 
Available in a variety of plain or rod end types. Bore sizes to bearings can solve your difficult alignment 

3.000”. Materials include stainless steel, plastic alloys and and installation problems. Request Engi- 

chrome alloy steels. Ultimate static loads to 500.000 lbs. neering manual No. 551. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE. + MONROVIA, CALIF. * PHONE: MURRAY 1-9616 
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Minuteman Missile Transportation System 


(Continued from page 23) 


Fig. 7. Completed missile supported by engine 
harnesses. 


weight. This presents problems in 
handling engines without damage. De- 
flection tests in several kinds of supports 
were conducted, and the harnesses shown 


Fig. 3. Prototype transporter-erector in erected 
position. 


bs Engine Harnesses 


The engine harnesses have been de- 
signed to support either individual en- 
gines or the assembled missile. Minute- 
man solid propellant engines are de- 
signed to have a high efficiency—i.e., a 
high ratio of propellant weight to case 


Fig. 8. First-stage engine transporter and 
tractor. 


Fig. 4. 


First-stage engine and harness. 


Fig. 6. Third-stage engine and harness. Fig. 10. 
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in Figs. 4-6 for first-, second-, anq 
third-stage engines were developed. Fo, 
first and second stages, flexible rubber. 
lined bands 5 in. wide support the engines 
at the “wye joints” or intersection of case 
and end closure. A flexible full ham. 
mock supports the third stage. The flex. 
ible bands and the hammock are 
mounted to hinged side panels, provid. 
ing automatic adjustment to engine 
diameter variations. The side panel and 
band assembly are mounted to the un. 
dercarriage by a torsion bar spring sys. 
tem. Hydraulic dampeners provide ap- 
proximately 40 percent critical damping. 
The spring rate is approximately 1 in. per 
g. This provides the required missile 
dynamic suspension and permits recy- 
cling a missile without damage to inter- 
stages. Since the harnesses are a part of 
the payload, careful design to control 
weight was required. The end restraint 
rings shown are removed for missile as- 
sembly. The overhead restraint bands 
are removed prior to missile erection, 
The completed missile supported in the 
harnesses is shown in Fig. 7. 


Engine Transporters 


The transporters used to move the 
engine from the engine manufacturer's 
plant to the missile assembly plant are 
primarily for highway use. They may, 
however, be shipped by air or piggy- 
back by rail. 

These transporters have suspension 
systems compatible with the harness 
suspension system to limit the trans- 
mission of road shocks to the engines to 
not more than 3g in any direction. They 
are insulated and have environmental 
control to maintain the required engine 
temperature of 80°. 

Because of the weight of the engine, 
the first-stage transporter was designed 
as a semimonocoque structure to obtain 
the lightest possible container and permit 
easy, over-the-highway operation. This 
transporter, shown in Fig. 8, has air 
suspension for shock control. A stand- 


Re-entry vehicle and guidance and control section emplacement and maintenance van. 
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Fig. 11. Missile air transport container on semitrailer. 


ard commercial auxiliary power unit, 
refrigeration unit, and heat exchanger 
provide environmental control. 

The second-stage transporter shown 
in Fig. 9 has a standard commercial 
truck with soft leaf spring suspension. 
The commercial standard van has 
been modified to meet Minuteman re- 
quirements. The environmental con- 
trol system is assembled from selected 
commercial components. 

The third-stage transporter is a 
smaller version of the second-stage 
transporter shown. 


Re-Entry Vehicle Transporter 


Since the re-entry vehicle is not as- 
sembled with the rest of the missile at 
the assembly plant, equipment to trans- 
port the re-entry vehicle to the launch 
site and install it on the missile is pro- 
vided. The transporter is shown em- 
placing the re-entry vehicle in Fig. 10. 
This specially designed transporter is 
approximately 25 ft long, 8 ft wide, 
and has a height of 12 ft.6in. Itusesa 
standard Air Force tractor. The van 
has a trap door in the floor and is 
equipped with a small bridge crane. 
After driving over the silo, the silo lid 
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Space and Democracy (Continued from page 25) 


is removed and the re-entry vehicle 
lowered into place through the floor 
opening. 


Missile Air Transport 


Logistics studies have shown the 
need for air transport of the Minuteman 
missile. To accomplish this function, a 
strongback container called an MCAT 
(Missile Container Air Transport) is 
being developed. A model of the MCAT 
loaded on a flatbed semitrailer for sur- 
face movement is shown in Fig. 11. For 
air transport it will be rolled into a 
C-133 airplane. The container will have 
the stiffness needed to act as a strong- 
back for the missile. The MCAT will 
have environmental control and can be 
used for missile storage. It can also be 
used for rail shipment of the missile. 


Conclusion 


These are the basic items in the 
Minuteman transportation and handling 
system. This system is designed to 
perform the required transportation, 
handling, and emplacement tasks effi- 
ciently with a minimum of hardware. 
Standard commercial equipment has 
been utilized to the fullest extent pos- 
sible to reduce development costs. 
Qualification testing is under way and 
will be completed in time to support 
Minuteman deployment. 


the ones who man our defense op- 
erations and will be called upon to 
do the fighting in time of crisis 
with the new weapon that is so badly 
needed. Technology can lead us to 
disaster or to a more advanced civiliza- 
tion depending upon the results of its 
efforts. The State Department, right 
now, is engaged in disarmament talks. 
Our position in these talks should in- 
clude the best advice ot our scientists 
and engineers. 

The legislators of our Government 
also have a fair share of challenges 
Which must be met. Because of ad- 
vances in technology occurring at an 
ever-increasing pace, every member of 
Congress has the difficult task of keep- 
ing informed of latest technical de- 
velopments to insure that sound pro- 
gfams are properly financed. Re- 
search and development is time con- 
suming; most of the new weapon sys- 
tems require 6 to 8 years from concept 
to deployment with trained troops. 
This means that legislators must ap- 


preciate fully the requirement for financ- 
ing on a long-term basis, and I would 
hope that they pay little attention to 
press notices of Soviet successes since 
our programs are based upon careful 
analysis of intelligence information 
seldom available to the public. An item 
that is often forgotten is that research 
is not foolproof. Even with the best 
of talent and facilities and with ade- 
quate funding, some failures must be 
expected. 


National Safety 

FA significant challenge facing legis- 
lators is to subjugate local interests 
for the good of our national effort. 

The Department of Defense now ap- 
pears to be making effective decisions 
earlier in the development cycle than 
at any time in the past. This is wel- 
come news even though these decisions 
have created some minor problems in 
industry and in the lower echelons of the 
Defense establishment. Iam also hope- 
ful that in the future, the Department of 
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Defense will place greater emphasis on 
establishing long-range policies and 
programs. With new, more-complex 
systems, the services need long-range 
project manager guidance. I think this 
will be remedied by improving tech- 
nical management, with the best scien- 
tific advice available, at the Depart- 
ment of Defense level, and freeing the 
true scientific talent for use at the 
laboratory or operational level. As 
you all know, a good scientist who is 
also a good manager is a rare animal. 
We must leave science to the scientists 
and management to the managers. 

Improved technical management at 
the Department of Defense level will 
assist the individual services to main- 
tain their present level of R&D capa- 
bility, and insure a minimum of dupli- 
cation, not only among the services but 
between the services and industry. 

We are a,member of NATO, and for 
the continued success of this organiza- 
tion, and our other military alliances, 
other nations of the free world should 
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participate in our research and de- 
velopment programs. We cannot ex- 
pect our allies to participate only in 
the production and procurement of new 
weapons and material that we develop. 
They have talent and resources which 
can also contribute to our common 
cause and the Free World has not yet 
reached the stage where we can afford 
duplication of effort in this field. We 
should have better joint R&D planning, 
so that earlier assignment of programs 
can be made, and so that other countries 
in NATO can be given responsibilities 
commensurate with their obvious capa- 
bilities. 


Challenge to Industry 


The challenges to the aerospace in- 
dustry are as great and as numerous as 
those I have discussed for Government. 
In issuing these challenges, I realize 
that the prime interest of industry is 
one of making money for the stock- 
holders. As an industrialist of 25 
years’ experience, I can sympathize 
with this problem. However, as a 
citizen I feel that the problem should 
be one of how can industry help our 
Government continue as a democracy. 

I suggest that industry should con- 
centrate more on programs and policies 
with sound technological possibilities 
which have profitable present and future 
commercial significance. 

Let me illustrate this thought with 
one example. Our space and atomic 
energy programs are under Govern- 
ment funding and participation and 
without apparent possibilities for im- 
mediate profit or return. For several 
years many companies undertook pro- 
grams in the space and atomic areas 
which were glamorous but had little 
potential or opportunity for real sound 
business. The total profits and losses 
for the companies who went into atomic 
energy probably still add up to a net 
loss. However, those who survived 
had good technical management plan- 
ning and faced each new decision with a 
sense of reality. Therefore, may I 
. offer this advice—Don’t try to go into 
’ the space field unless your programs are 
basically sound—sound for the country 
and sound for future commercial peace- 
time business. 

A clear-cut example of a space pro- 
gram that has immediate and long-term 
potential for both civilian and military 
application is the development of 
satellites for world-wide communica- 
tions. Within the Government, the 
agencies concerned with this program 
include ARPA, DOD, NASA, FCC, 
and Commerce. The Army has the 
principal R&D effort in the development 
of a communications satellite and has 
the experience and management com- 
petence to make certain that the urgent 
military needs for an increased com- 
munications capability are met with 
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satellite systems. In my view, a 
communications satellite offers for the 
entire world the most interesting space 
application for years to come. It is 
obvious to me that a long-range program 
directed toward world-wide operation is 
possible and desirable. 

Satellites for military or civilian com- 
munications are almost indistinguish- 
able in terms of research and develop- 
ment requirements and their design and 
operating characteristics. The NASA 
Rebound and Relay and the current 
Army ADVENT communications R&D 
programs are essentially identical in 
their early phases; but neither fully 
reflects, in terms of funding or program 
time, a truly global, active operating 
communications satellite effort. Com- 
munications satellites for the next few 
years will be limited to the research and 
development type but ultimate success 
will require increased reliability, exten- 
sive ground facilities, and considerably 
more operating experience than is 
available at present. The Govern- 
ment has experience, facilities and 
logistical support essential to a global 
communications satellite program. In- 
dustry has the scientific talent and 
facilities to develop and operate such a 
system. Together, Government and 
industry can finance the R&D phase of 
about $200 to $300 million and provide 
the total investment of more than $500 
million needed for a new successful 
operational system for world-wide mili- 
tary communications. As for the non- 
military communications, the use of 
world-wide communication satellites 
with wide bandwidths will have tremen- 
dous significance in terms of inter- 
national relations and international co- 
oferation and can do more to establish 
the United States as a leader in space 
than any other project I can name. 

The annual commercial revenues of 
this program could easily reach several 
billions of dollars per year by the late 
1970’s. Just visualize the possibilities 
of a system that permits person-to- 
person dialing throughout the world and 
world-wide television facsimile pro- 
grams. Such an enterprise offers more 
commercial possibilities than reaching 
the moon, even though an American 
station on the moon will help our 
country’s prestige. To do this, in- 
dustry should close ranks and form a 
joint corporate team to explore and de- 
velop the possibilities. Industry can 
take the lead in this matter, and not 
wait for more Government funding and 
leadership. After all, most of the re- 
sources needed have already been paid 
for by the Government. All that is 
needed is some management with vision 
to establish the programs. 


Using Results of Defense R&D 


I have singled out this one possibility 
that I think is now ripe and ready for 


industry. There are probably many 
others, if the problems are examined 
closely. In short, I think industry 
should consider leaving the military 
assignments to the Department of De. 
fense, and devote more effort to finding 
means of using the results of military 
research and development for civilian 
or commercial application. 

We are all aware of the real cx ympeti- 
tion that exists today in the aerospace 
industry. Actually, industry has more 
personnel and facilities than can be 
profitably used for production of de- 
fense material in peace time. You in 
the aerospace field have a unique con- 
tribution to the cause of peace. I will 
merely pose the question ‘‘What do you 
propose to do, or should our Nation do, 
with the tremendous build-up of people, 
facilities and talent in our aerospace in- 
dustry when peace—not war—breaks 
out?” This is not an idle question but 
one that all of us concerned with dis. 
armament must face now. 

I feel strongly that industry has a real 
challenge. The only possibility I fore- 
see for expansion in the future is through 
civilian or commercial application of 
potentials such as I have just outlined. 

The time has come when all segments 
of our society must face reality brought 
by the changes in technology, and de- 
velop a true appreciation of the new role 
of research and development in deter- 
mining the course of our civilization. 
The industrial revolution progressed at 
a snail’s pace in comparison with the 
changes this generation is witnessing. 
This research and development revolu- 
tion means that now our fiscal policies, 
strategy and diplomacy are being 
determined by our technological capa- 
bilities. In short, our future now rests 
as much in the hands of engineers and 
scientists as it does in the hands of the 
liberal-arts graduates. Good or bad, 
this is occurring and we might as well 
face reality and accept the challenges 
ahead. The survival of free enterprise 
depends upon how weil we plot our 
course. 


As of January 196] 


The IAS is now publishing 
a separate monthly 


INTERNATIONAL AEROSPACE 
ABSTRACTS 


Inquiries and subscriptions to: 


INSTITUTE of the 
AEROSPACE SCIENCES 
2 East 64th Street 
New York 21, N.Y. 
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techniques are worth the application. 

These three criteria identify six 
basic areas of individual problems and 
hence are a part of the overall method 
used here. Each of the six problem 
areas permit the application of mathe- 
matical analysis and thus are used as 
examples of the techniques. By appli- 
cation of the analysis technique, each is 
redefined individually, thus producing a 
satisfactorily clear picture of exactly 
what each problem is, what results can 
be expected, and whether the problem is 
truly a valid one for this type of analysis. 

There should be no expectation that 
the use of the mathematical techniques 


can provide actual designs, master 
plans, structures, buildings, or any 
such ultimate requirement. Rather, 


they can be depended upon to point out 
the unacceptable solutions. In no case 
are they considered as replacing the 
designer as such, but only as an addi- 
tional tool for his use. This should be 
obvious, but cannot be overstressed. 

In accordance with the three criteria 
listed above, the following problem areas 
are those typically encountered in a 
majority of the larger projects and in 
many smaller ones handled by the archi- 
tect-engineer: 


Problem area 1: The site (master) plan- 
ning overall layout. 

Problem area 2: The two-dimensional 
(sometimes three-di- 
mensional) space rela- 
tionships of all struc- 
tures, buildings, roads, 
etc., one to the other, ina 
complex or large facil- 
ity. 

Problem area 3: The optimizing of loca- 
tion or the space rela- 
tionships of a_ single 
structure to one or more 
other structures for spe- 
cific reasons. (These 
“reasons” must usually 
be taken one at a time 
in analyzing such space 
relationships.) 

Problem area 4: The optimization of any 
one desired requirement 
or function of the com- 
plex or individual unit 
—e.g., “safety,” “cost,” 
“convenience,” etc. 

Problem area 5: The (financial) overall 
controllable costs con- 
sidered as a mathemati- 
cal function vs. the 
time to construct or 
complete the project 
under consideration. 


(Continued from page 27) 


Problem area 6: The ‘‘minimization’’ of 
specific features such as 
minimizing of hazard 
vs. location—e.g., a re- 
actor or a noise-reduc- 
tion requirement or the 
elimination or avoid- 
ance of toxic fumes 
from an _ emitting 
source, the parking and 
traffic problem where 
this creates ‘‘interfer- 
ence” or ‘‘objection”’ 
from other units in the 
facility or complex. 


In connection with the sixth problem 
area, the cost of utilities in large in- 
stallations is often very high. Thus, it 
is valid to attempt to minimize these 
via the location of buildings. Simi- 
larly, the attempt to minimize the re- 
quired travel or traffic time between 
two or more structures is valid, both for 
economics and for convenience. Many 
other space relationships which benefit 
by the minimizing of some portion of 
the planning concept readily come to 
mind. 

“Minimum” as used here is not neces- 
sarily the shortest distance obtainable 
between two points. Rather, it is 
optimum balance of several practical 
and acceptable ‘‘minimums”’ according 
to project needs. 


Illustrative Problems Developed 


Two problems are developed in detail. 
Example 1 illustrates two of the six 
problems already mentioned—the over- 
all relationships of all buildings (prob- 
lem area 2) combined with optimization 
of a single building location (problem 
area 3), both of which lend themselves to 
linear programing techniques. 

Example 2 illustrates the minimiza- 
tion (of costs) in satisfactorily locating 
two associated structures so that utili- 
ties, roads, tunnels, etc., are held to 
minimum expenditures applicable to 
overall cost considerations, as was sug- 
gested by problem area 6. 


Chart B. 


Example 1 


This example presents the means of 
locating a specific building, given the 
following specific assumptions: 

(a) Assume here a large (existing) 
military base complex with many 
existing buildings on it, but with eight 
major ‘‘areas’” which a new building 
must serve. 

(b) Assume also, because of topogra- 
phy and other developments, that there 
are only four remaining locations that 
can be considered for this new building. 

(c) Assume that the new building 
will serve all the persons daily in all 
eight areas. 

The problem then is to determine 
which of the four possible locations will 
serve all of the people, in all of the eight 
areas of population, in the best possible 
fashion. For simplicity, the new build- 
ing is also assumed to cost the same, no 
matter where it is located among the 
four different available sites. 

Solving the problem then should give 
the location which will minimize the 
sum of the total ‘‘travel time’ consumed 
by all the persons using the new facility. 
(Note that while this problem illustrates 
“techniques,”’ it is obvious that this is 
by no means the only problem connected 
with “‘location.’’) 

Chart A shows a _ diagrammatic 
scheme of a site of perhaps 5,000 to 
7,500 acres with the eight existing areas 
(or subcomplexes)—designated Areas I 
through VIII—and the four possible 
locations for the new building—desig- 
nated Y1, Y2, Y3, and Y4. 

Chart B restates the problem and 
indicates symbols for the equation. 

Chart C represents the consumed 
time (or it could be a “‘cost” if “travel 
time’ is paid for through employee 
salaries). 

In Chart D, T represents a ‘‘weighting 
factor’ and, as used here, the number of 
persons in each of the eight areas. The 
numbers in each area are determined by 
a census count or a prediction of the 
population per building, or as known by 
the administration of the facility. 

Letting x to Y represent the measured 
distance in feet (‘‘yards’” or ‘‘time’’) 
from Areas I through VIII to each of the 
four possible new building locations Y1, 
Y2, Y3, and Y4, multiplied by the 


The problem: 


To determine which of four permissible locations will minimize the sum_ total 
of travel time (and distance) for all persons served by the new Y facility—- 


i.e., total travel time consumed by all 


where 
c = consumed time 
y) = € 
location, Y1 through Y4 (y’s) 
x = 


(Y1 through Y4) 


weighting factor (number of persons in each of eight areas) 
measured distance (ft, yards, or miles), Areas I through VIII (x’s) to each 


center of each area (I through VIII) for measurement to Y locations 
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Chart C. 


The four iterations y will use the expression: 


n represents a summation of all the 
C= T; |x: — y| < conditions and/or magnitudes of the 


t=1 


x’s to y’s 


This expression gives a compilation and comparison of distance from the eight separate 
areas to the four possible Y locations and also indicates the optimum location. 


weighted 7 factor for populations, gives 
the compilation of ‘‘travel time’’ for 
the eight separate areas to the four 
possible new site locations as shown on 
the tabulation of Chart D. 

Column I identifies the eight areas. 
Column II identifies the number of 
people (‘“‘weighted factor’) T as T for 
each area, using 2 for 200 persons, 5 
for 500, etc. Column III represents 
the four possible locations Y1, Y2, 
Y3, and Y4 with the distances from each 
Area I through VIII (above the slant 
line) to the locations of Y1 through Y4. 
Thus, Area I has 14 in the upper corner 
representing 1,400 ft from Area I to 
location Y1. Similarly, for Y2, 8 or 
800 ft; for Y3, 10 or 1,000 ft; and for 
Y4, 12 0r 1,200 ft. 

Figures below the slant line for the 
corresponding locations are 28, 16, 20, 
24, representing the distances multiplied 
by the T factor—i.e., in the first column, 
Y1 equals 200 persons times 1,400 ft, 
or 2 times 14 equals 28; and the second 
for Y2, 2 times 8 or 16; Y3, 2 times 10 or 
20; and Y4, 2 times 12 or 24. 

The bottom line sums up the multi- 
plication of T factors times the distances 


for Y1, Y2, Y3, and Y4 and gives the 
sums of the total travel distance for all 
persons and thus the location which 
provides the minimum condition for 
travel—which is Y3. 

The computer is helpful in carrying 
out very large site problems. Most of 
the smallest general-purpose computers 
easily handle this type of problem. The 
present availability of computers makes 
it reasonable to use these mathematical 
techniques for such tasks as analyzing 
site planning and other architectural 
and engineering problems. Without 
these, the tedium and time involved in 
solving hundreds of equations could 
hardly be justified. 


Example 2 


Charts | through 5 present the second 
problem, a “minimization of costs” 
as applied to site/master planning. 

A major problem in site planning is 
the relationship of one specific structure 
or installation to a second specific 
structure. Here, costs directly related 
to the placement of the buildings become 
a powerful influence. Often, for exam- 
ple, safety, shock or vibration, toxic 
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fumes, explosives, noise, etc., become 
factors of utmost importance. The 
mandatory control or accommodation of 
these invariably involves serious cost 
considerations. 

The example problem suggests an 
unknown distance for the separation be. 
tween two structures which must be de. 
termined from an optimum standpoint 
(or ‘“‘proximity distance’’ which is an 
optimum). In site planning, there jg 
usually a compromise in the distance or 
separation between companion struc. 
tures because a “‘separation distance” 
may be reduced, for example, at the 
expense of either strength, safety, 
soundproofing, or whatever else will 
allow a reduced separation distance, 
What is sought in this problem is the 
optimum distance or separation that 
entails a minimum of cost from all 
aspects. Note that this example con- 
fines itself to cost. 

A typical situation is one in which 
two buildings, B-1 and B-2, must be 
separated from each other by some unde- 
termined distance X. It is assumed 
that the buildings bear a relationship so 
that communications, power, corridors, 
tunnels, and other utilities and services 
must be connected between them. A 
second assumption is that B-1 is the 
“source of trouble”’ to B-2 (or B-2 is the 
“recipient’’). It is also assumed that 
the cost of constructing B-2 varies in- 
versely with the distance from B-1 be- 
cause of the reduction in the trouble that 
is provided by separating B-1 from B-2. 
Here a reactor (‘experimental’) is 
“assumed” to be a possible source of 
hazard to its associated laboratories in 
case of accident. Thus, the farther B-1is 
from B-2, the fewer are the special safety 
measures or structure elements required 
around the reactor building. 

In general, connections, communica- 
tions, roads, tunnels, power line costs, 
etc., vary directly with the distance 
they are required to run. Therefore, 
with cost information on these items, it 
is possible to set up a cost equation 
which can be minimized, thus providing 
the solution for an optimum separation 
distance measurement based on _ cost 
relationships alone. 

Chart 1 illustrates the two buildings, 
with the reactor building B-1 shown as 
a source of trouble to the laboratories 
B-2 because of possible accidents, 
hazards of radiation, etc. 

Chart 2 lists facts and symbols for 
the equation and includes the two arbi- 
trary “safety cost” figures C, and Cy 
The reactor building B-1 is given as 
“source of hazard.”’ 

In the cost equation, let 


C, = cost of roads per mile betwee 
buildings B-1 and B-2 
C. = cost of communications, tele- 


phones, etc., per mile betweet 
buildings 


| 
| 
} 
I £ 
| 
| 
a 
: 2 
207 | 277 
= 1 |X; 
a 


ecome 

The 
‘ion of 
cost 


ts an 
on be- 
be de- 
dpoint 
iS an 
1ere is 
ince or 
struc- 
tance” 
at the 
safety, 
e will 
stance, 
is the 
n that 
om all 
le con- 


which 
1ust be 
e unde- 
ssumed 
iship so 
rridors, 
Services 
em. A 

is the 
-2 is the 
ed that 
iries in- 
B-1 be- 
ble that 
om B-2. 
tal’) 1s 
yurce of 
tories in 
er B-lis 
al safety 
required 


miunica- 
1e costs, 
distance 
herefore, 
items, it 
equation 
roviding 
paration 
on cost 


yuildings, 


shown as 


oratories 
ccidents, 


nbols for 
two arbi- 
and Cy. 


given as 


> betweell 
4 

ons, tele- 
e betweell 


DISTAN cE 
To Sk CETERMINED 


Chart 1. 


roads, communications, and power, the 
mathematics of the equations is reduced 
to ‘miles.’ The solution as indicated 
gives “2 miles” as the “optimum,” 
minimum distance for this hypothetical 
problem. 

Chart 5 shows the curve of plotted 
values of X as a function of the costs. 

The costs begin to diminish immedi- 
ately upon separating one building from 
another, and drop, as shown, for the 
first 2 miles only. With greater separa- 
tion, costs of the utilities begin to over- 
come the costs of the safety features, 
and the curve rises and will continue to 
rise since utility costs, such as used here, 
are essentially in direct ratio to the 
distance run. Therefore, little or no 


Chart 2. 


Equation factors for minimum cost distance: 


reactor building (hazard source) 
laboratory (hazard receiver) 


cost of roads (miles) Sia 
cost of communications (miles) 


cost of power (miles) 


B-1 and B-2 


cost of B-2 being located near B-1; e.g., safety costs or structure costs (measured 


in dollar miles) 


cost of B-2, assuming no extra safety costs (measured in dollars) 
separation distance, between B-1 and B-2 
total cost; B-2 plus all costs above 


C, = power cost per mile between 
buildings 

G = cost of B-2 (labs) being located 
near B-1; an arbitrary amount 
of additional cost of providing 
safety and shielding for every where 
mile that B-1 is located closer G- 
to B-1; G, is therefore here C. = 
measured in dollar miles Cp = 

Cy = cost of B-2—that is, the labs— CG = 
assuming that no extra safety Cu = 
costs are required; again arbi- x = 
trary and measured in dollars C= 
(as an assumed lump sum) 

X = separation distance between B-1 
and B-2 

C = total cost of B-2, plus additional 


costs required by ‘‘optimum”’ 
distance (as determined to 


Chart 3. 


minimize this total cost C) 


Cost equation: 


Chart 3 gives the cost equation with 
total cost noted as C. Chart 3 also 
provides unit cost data from our A-E 
office files (or “arbitrary,” as noted 
above) for substitution in place of C 
factors [see (5) below] and completion 
of the solution, as follows: 

(1) Cost of roads, C,, approximately 
$20,000 per mile. 

(2) Cost of communications, C., ap- 
proximately $2,000 per mile. 

(3) Cost of power lines, C,, approxi- 
mately $3,000 per mile. 

(4) Arbitrary cost, G, for safety 
features required in B-2, a lump sum of 
$100,000. 

(5) Overall cost, Cy, of B-2 with no 
extra safety costs required regardless of 
location, $400,000. 

Chart 4 gives one method and formula 
for substitution cost coefficients. Other 
ways will come to mind for use of these 
factors in determining the optimum dis- 
tance for X as related to minimum 
costs. We apply calculus, perhaps the 
simplest method for this case with the 
Minimum cost when d/c over d/x 
equals 0. Using the two “arbitrary” 
costs and the three substitutions for 


Cc 


+ + xCp + + Cry 
x(C, + Co + Cp) + Co/x + Cry 


To complete solution, use: 


Cost coefficients (from A-E “building cost” data files): 


C; = $ 20 X 103/miles = $ 20,000/miles (roads) : 

C. = $ 2 X 103/miles = $ 2,000/miles (communications) 
Cp = $ 3 X 10%/miles = $ 3,000/miles (power) _ 

= $100 X 10%/miles = 100,000 dollar 
Cy = = $400,000 problem 


Chart 4. 

Minimum cost; using calculus as the simplest method 
where 

dc/dx = 0 

dc/dx = (C, + Ce + Cp(—)(G/x*) = 0 

x 

C. + Cp 
Substituting (values from Chart 3): 
100 X 108 
= + 2+ 3) 108 
= 100_X 10° _ miles 
25 X 10° 
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Chart 5. Minimum (cost) distance; plotted values of x (distance) as a function of C (cost). 


change in the straight-line curve should 
be expected. 


Conclusion 


What is accomplished by these tech- 
niques? DMJM’s answer would con- 
sist of what we have found by our use of 
them. Specifically we note: 

(1) They provide a means whereby we 
can determine in advance why one 
solution, one location, or one decision is 
appropriate and for what reason. 
Whether or not a particular solution is 


Other 
things may override any particular 


used is not in itself significant. 


answer arrived at by mathematics, but a 
method of getting at solutions or answers 
is significant. 

(2) Subtle, major errors can be de- 
tected in advance of actual planning, 
thus permitting corrections to be con- 
sidered, using (again) the mathematical 
approach. 

(3) Definite determination of suitable 
“maximums” and ‘‘minimums’’ for an 


+ + 


infinite number of different situations 
can be tried and pretested. 

(4) The optimizing—or minimizing, 
as the case may be—of other types of 
functions which lend themselves to the 
mathematical approach can be applied 
to planning analysis through these 
techniques and associated mathematics, 

It should again be stated that this js 
an analytical effort, a tool to aid the 
planning problem. These mathemati- 
cal techniques for planning are appli- 
cable now because of the computer, 
Their use would not be appropriate 
without the computing equipment which 
provides rapid solutions to the many 
equations useful in planning, and the 
equipment is essential for more complex 
problems than those shown here. Quite 
properly, the more equations required 
to be solved, the more appropriate it is 
to use computing techniques and equip- 
ment. Beyond this, it is strictly up to 
the ingenuity of the planner/programer, 


The Hazards; What This Cannot Do 


To use these techniques without 
realizing the hazards involved would be 
not only foolish but dangerous to 
planning. These techniques cannot 
create concepts, designs in architecture, 
or “good planning.” But they can 
help. A final caution—none of this 
type of effort should be entrusted to 
those who have less than 5 to 10 years of 
experience in planning, except as checks 
on their own work. 


Hose Material Compatibility With Freon 114 (Continued from page 29) 


that it would not in any way interfere 
with the function of the system. 


0 - 500 Ps! 
GAGE 


PRESSURE 
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NITROGEN SHUTOFF 
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FILL AND DRAIN 
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HOSE SPECIMEN 


Fig. 2. Apparatus for measuring leakage of 


Freon 114 from hose specimens. 
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The decreasing rate of permeation for 
Teflon shown (Fig. 3) suggests that a 
hose freshly exposed to Freon experiences 
rapid absorption of the fluid until sa- 
turation condition is reached, after 
which no additional Freon is retained 
in the hose material. After an initial 
transient, the Teflon hose had a nearly 
constant leakage rate of only 0.0015 


in.*/hr/ft. 


Conclusions 


It was felt that the Teflon-lined hose 
had a slight negative factor when con- 
sidering its use because of this perme- 
ability but, its other characteristics, 
such as its ability to transfer Freon 
without contamination, its ability to 
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4 

| 

TimE MINUTES 
Fig. 3. Leakage rate of Freon 114 from 


Teflon-lined hose—1/4-in. line size, 120 in. 
long. Fluid pressure 125 psig. 


be cleaned suitably for the environ- 
mental extremes in which it is to be 
used, and its availability make it the 
most suitable hose for use on the pre- 
launch cooling system support equip- 
ment. 
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The Mini-Recorder System (Continued from page 33) 


Mini-Recorder Low Pass Voice . AMP 
Playback Filter Cr | Seven Track 
. Tape Recorder 
FM Ch. 2 
igh Pass Data 
Ch. 
“| Ch. 5 
Binary Ch. 6 
Timing 
Pen Generator 7 
Recorders 
ll cps} 2.3KC, 3.0KC, 
L.P. 
3.9KC and ware 
Filterg 5.4KC Utility Type 
Discriminator$* = Tape Recorder 


Fig. 3. Block diagram of method used in postflight ground playback. 


functions, as well as voice information. 


Description and Operation 


A block diagram of the Mini-Recorder 
system is shown in Fig. 1. In a simple 
and straightforward system for convert- 
ing data to be recorded on magnetic 
tape, the input signals are converted into 
a usable form (frequency modulation of 
carrier signals) for recording onto the 
tape. The unique feature of the system 
is the adaptation of a small, portable, 
office-type battery-operated tape re- 
corder for this purpose. The recorder 
selected is a transistorized, self-con- 
tained, single-track unit 8'/. in. by 
3’/s in. by 17/s in. in size. Cartridges 
of 1/4-in. mylar tape are used. The 
half-width head records one track on 
one half of the tape width; reversal of 
the cartridge permits recording on the 
remaining half of the tape width. Ata 
tape speed of 3.75 in. per sec, total re- 
cording time is 22.5 min on each tape 
track, for a total time of 45 min per car- 
tridge. Usable frequency response is 50 
to ed cps (100 to 8,000 cps at +3 
db). 


This portable tape recorder is modu- 
lated by a 2*/g in. by 28/sin. by 5 in. unit 
containing four plug-in voltage-con- 
trolled transistor subcarrier oscillators 
and data converters, a power regulator, 
a 1.0-ke low-pass filter for the voice sig- 
nal, and all necessary interconnecting 
Wiring. The voltage-controlled oscil- 
lators have output series isolation re- 
sistors within the plug-in chassis; their 
output terminals are connected to the 
filtered and attenuated voice signal to be 
mixed and fed to the recorder amplifier. 
Standard IRIG subcarrier channel fre- 
quencies of 2.3, 3.0, 3.9, and 5.4 ke with 
the standard full-scale deviation of 
+7.5 percent are used. 


The inputs to the voltage-controlled 
oscillators are passed through a test plug; 
+28 volts, regulated to +6 volts, and 
ground leads are brought to this plug. 
Removal of the test plug disconnects 
the oscillator inputs and allows the in- 
troduction of precise voltage inputs for 
calibration. 


Fig. 4. Tape recorder, data converter unit, and 
mounting bracket. 


Fig. 5. Mini-Recorder system installed in radar 
operator's cockpit of F4H-1 aircraft. 


Two of the oscillators are fed d.c. in- 
puts which vary relatively slowly (clos- 
ing velocity and range to target). The 
other two are fed step changes in d.c. 
level to indicate time occurrence of var- 


ious fire-control functions. The step 
voltages are combined in data converter 
units for driving the voltage-controlled 
oscillators. Fig. 2 is a circuit diagram 
of the individual data-converter circuits. 

The block diagram of Fig. 3 shows the 
procedure used for playback. The tape 
is played back on the Mini-Recorder for 
convenience in handling the tape car- 
tridges, and is re-recorded. The voice 
only is recorded on a utility recorder for 
use in debriefing conferences, and is also 
recorded on one track of a standard 
seven-track recorder. The mixed FM 
signals, less the voice, are recorded on 
another track, and the total signal (voice 
plus FM signals) on a third track. Bi- 
nary timing is recorded on a fourth 
track. This timing signal is not related 
to the real time of the operation, but is 
used for convenience in correlating 
events during any further study of the 
seven-track tape. The FM signals are 
also fed to a bank of discriminators and 
filters, where the recorded data are de- 
tected and passed through 11-cps low- 
pass filters (to eliminate flutter noise), 
and then to pen recorders. 

A view of the Mini-Recorder unit is 
shown in Fig. 4. Fig. 5 shows the Mini- 
Recorder installed in the F4H-1 aircraft. 


Analysis of Performance 


The battery-driven tape transport 
uses a centrifugally actuated switch for 
capstan speed control. This introduces 
a slight speed variation centered around 
20 cps. The specified maximum flutter 
for the tape transport is +0.3 percent. 
The mechanism operates within this 
specification, but, using the transport 
for both record and playback, the re- 
recorded signal has a flutter averaging 
about 0.5 percent. This is +7 percent 
of the full-scale deviation range of 
+7.5 percent of the carriers. Since 
the flutter is centered around 20 cps 
and contains practically no components 
below about 15 eps, it can be eliminated 
by the use of 11-cps low-pass filters at 
the discriminated data outputs. The 
analog data recorded on two of the car- 
riers are slowly varying functions re- 
quiring a bandwidth of not more than 8 
cps; the step functions recorded on the 
other two carriers need be defined in 
time to only about +40 millisec. 
Therefore, the use of the 11-cps low-pass 
filters does not degrade the data. Two 
events occurring as close together as 20 
millisec can be separately identified on 
the oscillograms. Examples of oscillo- 
grams made on playback of the Mini- 
Recorder are shown in Figs. 6 and 7. 

The voice channel is somewhat lacking 
in fidelity because of the 1-ke upper fre- 
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Fig. 6. Result of a 5- 
volt step calibration fed 
to the Mini-Recorder, 
played back, discrimi- 


nated, and recorded by 
pen recorder. (a) 


This calibration when an 
11-cps low-pass filter is 


used at the output of a 
discriminator. (b) Effects 
of using a 25-cps filter. 


+ 


quency limit, but it is distinguishable. 

For some flight tests, greater flexi- 
bility in setting up input data to be re- 
corded and additional data-recording 
capacity are needed. For these reasons, 
a revised prototype model is being con- 
structed. The low-pass filter cutoff fre- 
quency for the voice channel has been 
increased from 1,000 to 1,500 cps, with a 
sharper cutoff, to improve the read- 
ability of the voice recording. A fifth 
voltage-controlled oscillator, at 7.35 
ke + 7.5 percent, has been added. 
Plug-in input data converter units allow 
flexibility in selection and connection of 
input data to be recorded. Fig. 8 shows 
the complete unit, without the tape re- 
corder. The recorder will be mounted 
on top, as in the original model. In 
Fig. 9 the cover has been removed. One 
of the basic data-converter shells is 
shown on top of the unit. 


Recommended Modifications of 
Recorder for Improved Operation 


For the flight tests for which the 
Mini-Recorder was designed, a max- 
imum required data bandwidth of 
about 8 cps was sufficient. For re- 
cording data of a higher frequency rate, 
an improvement in the flutter charac- 
teristics of the tape transport must be 
made. Some improvements to the 
recorder can be made by replacing the 
capstan bearings and the motor drive 
belt with substitutes, and by mounting 
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Fig. 8. 


Fig. 9. 


Fig. 7. Record of the 
F4H-1 data functions re- 
corded on the Mini- 
Recorder and played 
back through discrimi- 
nators with 11-cps low- 
pass output filters. (a) 
Recording of the range 
to target voltage. (b) 
Summation of firing cir- 
cuit voltages where first 
the trigger voltage is 
indicated, then the mis- 
sile arming voltage, and 
finally the missile motor 
fire voltage. (c) Firing- 
circuit interlock voltage 
and a voltage indication 
called “Snap-Up,” a 
computer function volt- 
age. (d) Recording of 
the closing velocity (Vc) 
of the aircraft to target. 


Improved data converter unit near its 
final stage of construction. 


Improved data converter unit illustrating 
individual data subchassis units. 


an additional flywheel on the capstan, 
However, such modifications do not 
affect the basic flutter frequency of 20 
cps, the amplitude of which is even 
lowered somewhat by the added fly- 
wheel. The added flywheel must extend 
above the top surface of the recorder, 
increasing the mounting space required, 
and must be removed to replace or 
turn over the tape cartridge. The 
full 45 min of recording time was 
required for the flight operations of the 
F4H-1 installation, necessitating an 
arrangement which permitted the radar 
operator to remove and replace the tape 
cartridge in flight. 

The flutter of the tape transport may 
be reduced significantly by the use of a 
d.c. driving motor governed by a tuning 
fork or by a balance wheel-escapement 
system; either modification might re- 
quire a nearly complete redesign of the 
tape transport. The effect of flutter 
may also be reduced by utilizing one of 
the voltage-controlled oscillators as a 
reference frequency source, the dis- 
criminator output from this reference— 
on playback—hbeing subtracted from the 
data discriminator outputs, thus can- 
celing the flutter noise on the pen 
recordings. 

If additional data-recording capacity 
is needed, a second magnetic recording 
head may be added for recording on the 
other tape track. Additional voltage- 
controlled oscillators, amplifier, and 
circuitry for inputs and for mixing of 
carriers would need to be provided. 
The total recording time per tape 
cartridge would also be cut in half. 
The use of a dual-head, four-track 
system similar to the standard four- 
track stereo sound system would provide 
two tracks of recording for the full 45 
min. The reduced signal-to-noise ratio 
resulting from the narrower tracks 
would have to be considered in planning 
for any particular application. In 
any plan for increased data-recording 
capacity, the basic requirements of 
small size and light weight must be 
kept in mind. 
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Missile Silo-Storage Corrosion 


(Continued from page 35) 


Table 1. Corrosive Agents in Rain Water!” 


Compound and 


Source Location 


Concentration 
(mg/1*) 


Chloride, 
major source 1s 
sea spray 


500 miles or more inland 


Over sea or near coastlines 


Average 2-20; with extreme winds 
may increase up to 100 


Average 0.1-0.2 but sometimes 
higher than 1.0 


Sulphase, ~; 
major sources in 
industrial areas 


Large cities, industrial areas 


Average 10-50; higher under ex- 
treme conditions—i.e., smog 


Other areas 1-5 
Nitrate, NO;~ Over land 0.5-5 
Hydrogen ions, p= Over land Average around 5; near industrial 


centers it may decrease to 3 


* Concentration in rain water in milligrams per liter of some of the most important 


constituents with respect to corrosion. 


lurgical transformations, as well as cor- 
rosion. Of these problem areas, corro- 
sion is probably the most difficult to man- 
age because the specific conditions of 
storage often greatly affect corrosion 
rates. These specific conditions must be 
known; their importance must be 
realized in proper context. 

There can also be internal sources of 
deterioration, such as the gradual deg- 
radation of lubricants, desiccants, and 
other chemicals. Missile engineers can- 
not dismiss the problem by counting on 
others who are responsible for the silo 
construction to produce a “perfect’’ 
environment. It is more realistic to 
recognize that the prevention of de- 
terioration of the‘missile will require 
the combined efforts of all concerned. 
The principal considerations are to 
keep deterioration to a minimum and to 
determine accurately when deterioration 
has reached a point where the missile’s 
reliability has been appreciably re- 
duced. 


The Silo Environment 


Moisture Intrusion 


A silo is essentially a cylindrical, steel- 
reinforced concrete hole in the ground. 
This 80- to 100-ft-deep cylinder is sur- 
rounded by earth with varying moisture 
content. There are several approaches 
to moistureproofing, and many modern 
methods of coating concrete and steel 
must be explored. 

Temperature changes and introduc- 
tion of outside air will result in the col- 
lection of a certain amount of moisture, 
and established engineering data must 
be used to anticipate the degree of 
moisture due to breathing and to calcu- 
late the amount of water vapor that will 
enter. Information of this type is 
available in the form of reports on work 
performed by the U.S. Navy in the 
postwar ship-mothballing program. 

Normal sealing will not prevent the 
entry of water. The silo cover will, of 
course, require a watertight seal to pre- 


Table 2. Factors in Environmental Control and Monitoring of Silos 


Protection Detection Methods 
Required Required Protective Techniques 
Water Visual inspection Waterproofing by coatings and 
applications 
Drains and sump pumps 
Fumes Mine atmosphere analysis Venting and/or blowers 


techniques 
Humidity extremes 
ing devices 


Temperature extremes 
indicators 
“Live” environment 
(fungus, bacteria, in- 
sects, rodents, etc.) 
Corrosion 


monitoring) 


Relative humidity measur- 


Temperature recorders and 


Culture slides or similar 
method of inspection 


Corrosometer (visual and/ 
or electrical, with remote 


Molecular sieve method 


Dehumidifying systems (mechan- 
ical or chemical) 

Air conditioning and/or cooling 
and heating from central source 

Ultraviolet lamps and periodic 
extermination 


Protective coatings 
Conditioned environment 


June 1961 


vent rain water and melting snow from 
penetrating the interior in appreciable 
quantities. The problem is aggravated 
by the amounts of alkalies leached by 
water from the soil. Acid-type infiltra- 
tions would be equally undesirable. If 
only a minor trickle of water is per- 
mitted to enter an area, enough of it 
may accumulate to cause eventual 
breakdown of the dehumidifying system. 
Corrosion will, of course, start promptly. 
Table 1 presents a list of corrosive 
agents found in rain water. 


Probable Natural Silo Environments 


Underground envelopes 80 to 100 ft 
deep typically show temperatures ap- 
proximately equal to the yearly average 
air temperature at the surface. High 
relative humidities and cyclic condensa- 
tion of moisture occur at depths af- 
fected by the above-ground tempera- 
tures. Severe thermal gradients can 
exist in motionless ambients, resulting 
from equilibrium when the silo cover is 
shut. An open silo, of course, will alter 
these environments to approximate the 
atmosphere conditions above ground. 
U.S. Bureau of Mines studies have de- 
termined that the average temperature 
of a number of underground sites be- 
tween 50 and 400 ft deep is approxi- 
mately 55°F. Other estimates of silo 
temperature irrespective of location, at 
a depth of 75 ft, range between 40° 
and 55°F. In addition, it can be 
anticipated that the temperature from 
the surface down to approximately 35 
ft will average the mean annual tem- 
perature at the given site. For the 
United States generally, this will vary 
between 40° to 70°F. 


Probable Silo Humidity Values 


It can be safely estimated that rela- 
tive humidity at the silo bottom will 
exceed 80 percent without conditioning. 
An average relative humidity of 86 
percent in underground mines between 
50 to 400 ft deep has been reported by 
the Bureau of Mines. This means that 
between 2.17 and 7.75 grains of water 
per cubic foot of air will be present at 
these temperatures and relative hu- 
midities. 


Other Deterioratives 


Fungi may be expected in an un- 
protected silo since the natural environ- 
ment is particularly favorable to their 
growth. Similarly, bacteria will find 
conditions ideal for growth in a natural 
silo atmosphere. 

The normal silo environment is also 
especially favorable to insects of all 
types, and rodents. It may be noted 
with interest that certain species of 
beetles are capable of boring through 
concrete, and that rats and mice can 
undermine or destroy outright certain 
items such as wiring and connectors. 
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Table 3. Effect of Sensitization and Sigma Phase Formation on the Ductility of 
Stainless Steels'* 


Sensitization* 
301 
302 | Steels Affected, Unstabilized 316 ) Steels Unaffected, Stabilized 
Become brittle at low tem- Remain ductile at low 
é perature and lose corro- v<’ | temperature and retain 
347) corrosion resistance 
314) 


Comparison of Impact Strengths of Annealed and Sensitized 302 and 347 


Energy Charpy Keyhole 


—(Ft-Lbs)— 

Type Condition 300°K 170°K 76°K 
302 Annealed 79 71 66 
302 Sensitized 83 43 12 
347 Annealed 65 — 68 
347 Sensitized 61 — 66 

Sigma Phaset 
Steels Comparison of Impact Strengths of 
Affected Annealed and Sigmatized 316 

303 
ar Low ductility at low Energy Charpy Keyhole 
316 temperature ———_(Ft-Lbs 
317 \ Slight loss in corrosion Condition 300°K 76°K 
321 resistance 
347 Annealed 68 62 

Sigmatized 45 26 


* Temperature range 750°-1,650°F (required for formation). 
+ Temperature range 1,350°-1,650°F (required for formation). 


-Internal Atmospheres 


Fuels give off vapors, and lubricants 
deteriorate slowly to produce lighter 
hydrocarbons as vapors. There may 
be other equipment within the silo, in 
addition to the missile, which would 
provide a source of corrosive atmos- 
phere, either through gaseous products 
or through contact. There may be leak- 
age of hydraulic fluid or, in the case of 
storable liquid propellants, drippings 
from lines, leads, tanks, etc., which will 
affect various parts of the missile system. 

Fumes may emanate from hydraulic 
fluids, decomposition of solid fuels, or 
from any hydrocarbon materials used 
in the missile, including lubricants. 
Corrosive fumes may be generated by 
the slow deterioration of rubber com- 
pounds or dry film-type lubricants con- 
taining molybdenum disulphide. 

The solvent fumes would have a 
weakening effect on any rubber or plastic 
products used in the missile, unless ma- 
terials were specifically picked that 
were resistant to such fumes. An im- 
portant consideration is the effect of sol- 
vent fumes on lubricants. Fumes could 
initiate a washing action, or at least 
change the lubricating qualities. 

integration of environment, not the 
absolute environment at any given 
moment, is the primary consideration. 
If, for a brief period, a high concentra- 
tion of solvent vapor occurred within 
the silo, stripping or weakening of the 
protective coatings could occur through- 
out the missile. At a later time, a 
moisture level which could have been 
easily counteracted by sound protective 
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coatings could cause damage in the 
areas where impairment of the coatings 
has been extensive. The silo atmos- 
phere is essentially the area outside the 
missile itself, but various parts within 
the missile create small environments of 
their own. They must be evaluated on 
the basis of gaseous compounds that 
might be exposed. 

Fumes need not fill the entire silo 
chamber to create the problem. The 
source may be in close proximity to 
components that are particularly sus- 
ceptible to damage from fumes. The 
corrosive vapors or gases may affect 
electrical, electronic, or electromechani- 
cal parts if they manage to penetrate 
their protective envelopes. 

Degradation, contamination, and de- 
terioration of many chemicals utilized 
by the Air Force may occur during 
storage. From a long list of such 
chemicals are oils, greases, preservation 
fluids, desiccants, solid and liquid fuels, 
fire extinguishing agents, antifreeze 
solutions, cleaning and decontamination 
solutions, and nondestructive test media 
used for magnetic particle and fluores- 
cent penetrant inspections. Contamina- 
tion of one fire-extinguishing material 
(bromochloromethane, for example) 
results in free acid solutions. Un- 
doubtedly, several of these compounds 
will be present in the silo and may add 
to variables in the environment. 


Types of Corrosion to Be 
Encountered 


Chemical Corrosion 
Chemical corrosion, rusting, does not 


normally occur unless there is at least a 
40 percent relative humidity. 
mary concern is gross chemical corrosion 
that actually weakens a metal part by 


Of pri- 


simple deterioration. In a missile sys- 
tem, however, components are built to 
extremely close tolerances, with sensj- 
tive parts on which even an invisible 
amount of oxidation might cause a 
failure. Since corrosion is an ae. 
cumulative process, it is not pertinent 
to say that over a course of x months 
the average humidity was well under 40 
percent. Each time the humidity ex- 
ceeds a particular percentage, whatever 
this might be for the system involved, 
there is an immediate reaction and the 
corrosion process begins. Whatever 
oxides are formed remain as oxides, 
The next time corrosive conditions 
occur, the new corrosion is additive to 
the initial corrosion. The effects of 
corrosion must be evaluated on the basis 
of integration of all the corrosion that 
might have occurred since the part was 
stored. 

The effect of combinations of moisture 
with other compounds in the air—e.g., 
ozone—on glass fibers and reinforced 
plastics must also be analyzed. Con- 
trarily, consideration must also be given 
to the effect of low humidity on cellulose 
materials, impregnated paper, etc. It 
is possible that humidity levels which 
would ensure high reliability in metal 
parts might cause failure of a missile be- 
cause of dried-out parts that needed a 
minimum amount of moisture to hold 
their basic form. 


Galvanic Corrosion 

The possibility of galvanic action be- 
tween dissimilar metals is too well 
known to require further discussion. It 
is also common knowledge that the po- 
tential of any one metal or alloy dif- 
fers widely, depending on the en- 
vironmental conditions. But it bears 
repeating that the potential of a metal 
in the electromotive force series is only a 
rough guide to its galvanic behavior in 
any specific environment and that its 
potential is reversible. 


Localized Corrosion 

A metal may develop pits or blisters 
at local areas, or it may be attacked se- 
lectively at grain boundaries or along 
slip planes. In the case of a two-phase 
alloy, one phase or constituent may be 
attacked selectively, while the other(s) 
is completely resistant. The occurrence 
of localized corrosion often makes it 
difficult to evaluate the true extent of 
the damage. Localized corrosion can 
result from conditions of exposure, as 
well as from the metallurgical structure 
of the material. 


Stress Corrosion Cracking 


Stress corrosion cracking occurs in 
many materials and is often quite 
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paffling. A structural part may fail in 
service at a stress which is considerably 
below its known yield strength. Stress 
corrosion cracking is not confined to any 
single type of material and is not limited 
to any one kind of corrosive medium. 
It is well known that carbon steel is af- 
fected by certain caustic solutions, 
stainless steel by acid chlorides, alumi- 
num and magnesium by sea water, 
plastics by certain solvents, copper al- 
loys by ammonia, and rubber by oxida- 
tion. 

Any discussion of corrosion would be 
incomplete without consideration of the 
effect of temperature increases on the 
rate of corrosive reaction. Accelerated 
corrosion may be anticipated when silo 
temperatures are above maximum. 
Moreover, warm air is capable of con- 
taining a greater amount of water. 


Preventive Measures 


Protective Coatings 

Widely employed systems of sacrifi- 
cial protective coatings for preventing 
corrosion of metals need little amplifica- 
tion. Cadmium and zinc platings are of 
course now mandatory for galvanic 
metal coupling in missiles. The con- 
ventional zinc chromate primers, the 
various anodic and chemical conversion 
films and coatings for the aluminum and 
magnesium alloys, and epoxy resin 
systems have proved resistant to corro- 
sion under various exposure conditions 
of media, humidity, temperature, and 
time. 


Sealing of Silo Walls 


Consideration must be given to ma- 
terials for sealing the walls of a silo. 
Organic coatings can now be applied in 
the field in heavier thicknesses with 
fewer coats than was previously pos- 
sible. Hot spray vinyls, catalyst-cured 
phenolics and epoxies, epoxy-modified 
phenolics, and high-build alkyd coatings 
provide satisfactory protection for a 
wide range of metal, concrete, and 
masonry surfaces. Several of the coat- 
ings afford good resistance to mild 
acids and alkalies. 


Breathing 


A method of breathing for the silo 
cavity must be provided for pressure 
equalization. Silica gel beds or similar 
techniques have been perfected for 
Storage tanks and mothballed ships. 
Such apparatus could be used as an 
interface device to exclude moisture and 
still permit breathing. The use of 
machinery to maintain a dry atmos- 
phere is the superior method. Linde’s 
“molecular sieve,” the ‘‘electrodryer,”’ or 
condensing cooling systems are all 
proved methods for removal of any 
quantity of moisture from air. Con- 
ventional refrigerated-type dehumidifi- 
cation systems would be the most suita- 


ble, especially since they would be com- 
patible with blower-driven air circula- 
tion. Temperature-control equipment 
would also be required to aid the air- 
conditioning system. 


Detection Techniques 


Because all sources of corrosion can- 
not be predicted, preventive measures 
cannot be assumed to be 100 percent 
efficient. It must be presumed that 
deterioration commences the moment 
the missile is stored. Detection tech- 
niques are therefore mandatory to de- 
termine the extent of deterioration as it 
proceeds. 


Visual System 


The visual system of detection cannot 
be automatized; it depends upon the 
individual actually inspecting the mis- 
sile and ground equipment to deter- 
mine whether or not corrosive reaction 
has occurred. Although this method has 
the advantage of simplicity and low 
cost, a disadvantage is that inspection 
cannot be accomplished automatically. 
In time of crisis, there is no central 
point to which the information can be 
transmitted for immediate evaluation. 

One category of visual inspection is 
the chemical type in which silica gel 
changes color when the humidity rises 
above a particular percentage. This 
chemical technique does not indicate 
corrosion; it indicates, rather, only a 
humid atmosphere. Since it is in 
equilibrium with the atmosphere, it 
indicates only the quality of the atmos- 
phere at the instant of inspection. 

A second and superior type of detec- 
tion is a thin metal film, using a molec- 
ularly thin coating of metal on glass 
or some other substrate. The film cor- 
rodes very easily, revealing an inte- 
grated history of the corrosive atmos- 
pheres. Being inexpensive, a large 
number of these thin film visual indica- 
tors can be placed throughout the mis- 
sile-silo area. 


Electrical Systems 


There are various electrical detection 
techniques that require lead wires ex- 
tending from the silo to a central moni- 
toring station. Continuous reading or 
recording can then be made of humidity 
or the rate of corrosion occurring within 
the silo area. There are two basic 
types of electrical measurement which 
are somewhat analogous to the two 
types of visual system. One analyzes 
the atmosphere and helps to determine 
whether or not it may be corrosive. 
The second type actually measures the 
extent of corrosion occurring in a metal 
specimen. In the first category are the 
widely known humidity or water vapor 
measuring devices, such as those made 
by Consolidated Electrodynamics, Beck- 
man Instruments, and American Instru- 


June 1961 «+ 


ment Co. Such devices would un- 
doubtedly be valuable in monitoring 
systems to make certain that dynamic 
mothballing machinery is operating as 
it should. i 


Corrosometer 

A second type of detector measures 
the actual progress of corrosion on a 
metal specimen. The Corrosometer 
method uses an exposed thin metal film 
specimen to measure the increase in re- 
sistance of the specimen as the metal is 
converted from pure metal to oxide. 

The measurement of electrical resist- 
ance has long been used! to determine 
the extent of corrosion on metal speci- 
mens. Only recently, however, has 
work been done to develop a method 
which would find use in measuring cor- 
rosion in a variety of industrial proc- 
esses.!°-18 Even more recently,'*—* an 
Air Force program was initiated for the 
development of both visual and elec- 
trical thin metal film integrating corro- 
sion indicators for storage applications. 

Readings are made directly on metal 
specimens without their removal from 
the corrosive medium. These readings 
are essentially independent of the tem- 
perature and nature of the corrosive 
medium. The method appears to be 
the most efficient developed to date. 
(A detailed description of the present 
state of development of this method is 
presented in references 15 and 16.) 


Possible Environment Control and 
Monitoring for Complete Silo 
Complex 


The control and monitoring of a par- 
ticular silo complex will vary with 
locale, climate, and other environmental 
conditions. A hypothetical equipment 
setup for a typical installation is pre- 
sented in Table 2. Some, or all, of the 
recommended detection techniques may 
be applicable; all are worthy of exami- 
nation. For monitoring purposes, re- 
mote indicating devices at the control 
points appear to justify fully the addi- 
tional expense involved. Economy 
cannot be permitted to decrease the re- 
liability of an expensive missile-silo 
system. 
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Hawk Field Maintenance (Continued from page 37) 


Table 1 shows some of the operating 
characteristics of the hydraulic console. 


Heat Exchanger 


The heat exchanger is mounted 
on a hinged utility door. For trans- 
port, the door is positioned so that 
the unit is secured internally. When 
emplaced, the door is swung out- 
side the shelter and locked in that 
position allowing more efficient opera- 
tion of the heat exchanger and, inci- 
dentally, reducing the noise level inside 
the shelter. Flexible hydraulic hoses 
and electric cables permit free movement 
of the hinged door from the stored to the 
operating position. 
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The heat exchanger, an air-to-oil type 
rated at 600 Btu/min, is used to control 
oil temperatures in the hydraulic con- 
sole. In normal operation all oil used 
for tests circulates through the heat 
exchanger. 

Operation of the unit is controlled by 
a thermostatic switch located in the 
main reservoir of the hydraulic console. 
This switch activates a 416-vac, 400- 
cycle, 3-phase motor which drives a 
cooling fan. The fan is started at oil 
temperatures of approximately 100°F 
and shuts off at approximately 80°F. 


Air Compressor and Reservoir 


The air compressor and the air reser- 
voir assembly furnish a supply of com- 


Fig. 4. View similar to that of Fig. 2, but 
without console in position, showing heat 
exchanger and air compressor stowed for 
shop transport, and air reservoir, bottom. 


pressed air to the degreaser and ac- 
cumulator test console for various test 
purposes. A pressure switch is provided 
on the air reservoir assembly limiting 
the maximum charging pressure to 2,100 
psi. The compressor also supplies air 
for charging the hydraulic accumulator 
in the hydraulic console. The unit is 
mounted on a hinged utility door for 
more efficient operation. 

The Kidde air compressor, rated at 4 
standard CFM, at 3,000 psi, at 3,750 
rpm, is driven by an integrally mounted 
416-volt, 400-cycle, 3-phase electric 
motor and gear box. The compressor 
is a 4-stage, intercooled unit. A relief 
valve on the intercooler between the 
first and second stages is set at approxi- 


Fig. 5. Hydraulic test shop degreaser and 
accumulator test console with degreasing tank 
and accumulator tank removed. 
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Table 1. Hydraulic Console—Technical Data 


Operating Characteristics 

Motor 

Pump 

Operating pressure 

Pressure relief, system setting 

Flows (MIL-H-5606 Oil) 

Reservoir capacity 

Temperature, operating 

(thermostatically controlled ) 
Motor off (thermostatically controlled) 
Air-to-oil heat exchanger (thermostatically 


controlled ) (external to hydraulic console) 


Overload circuit breaker 

Service panel voltage 

““‘Low”’ flowmeter 

flowmeter 

Static pressures (hand pump system) 
Other Design Features 

Shock 

Vibration 

Quick disconnect porting 

Leakage graduate test panel 

Timer panel 

Switch (panic) panel 


19 hp, 416 vac, 3¢ 400 cycle 
8 gpm at 3,000 psi, variable displacement 


—10 to 125°F 

175°F max 

600 Btu/min 

50 amp 

28 vde 

Up to 2 gpm 

Up to 9 gpm 

Up to 6,000 psi 


15g, 11 millisec 
6 in. double ampl. 1-3 cps; 4g, 4-300 cps 


Table 2. Air Compressor—Technical Data 


Capacity 
at 60°F 
Operating pressure (max) 
Shaft speed 
Heater power 
Power Requirements 
(a) 208-volt operation 
(1) Running (normal) 
(2) Locked rotor 
(b) 416-volt operation 
(1) Running (normal) 
(2) Locked rotor 
Special Features 


4 SCFM (0.31 lbs/min) with inlet of 29.92 in. of Hg abs. 


3,000 psig 

3,750 rpm 

28 volts, 3.6 amp 
3-phase, 400-cycle a.c. 


15.7 amp 
68.5 amp 


7.8 amp 
34.2 amp 


Vibration (MIL-E-5272 Para. 4.7 Procedure 1) 
(a) Motor—Explosionproof (MIL-E-5272 Para. 4.13.1 Procedure 1) 
(b) Moisture separator—Contains heater and safety disc, pumps moisture, and 
purges line to compressor when compressor stops 


(c) Check valve (MIL-V-8628) 


(d) Back pressure valve—Maintains minimum pressure of 1,550 psig through moisture 


separator 


(e) System relief valve—Relieving pressure, 3,500 psig max 
Reset pressure, 3,100 psig min 
(f) Filter—Inlet to first stage of compressor, 40 microns 
(g) Chemical drier—Chemical drier housing with replaceable cartridge 


mately 675 psi. A system relief valve 
after the fourth stage is set at 3,450 
+ 50 psi. Table 2 lists detailed tech- 
nical data of this compressor. 


Degreaser and Accumulator Test 
Console 


The degreaser and accumulator test 
console (Fig. 5) performs three main 
functions: (1) Provides a pneumatic 
supply, (2) charges accumulators, and 
(3) provides degreasing facilities. 

With the use of valves and flow com- 
pensating pressure regulators, air pres- 
sures ranging from approximately 50 
to 3,000 psi can be supplied to any of 
three quick disconnect fittings on the 
front panel of the console. Pressure is 


+ + 


also supplied to an accumulator charg- 
ing fitting. Pressures at these supply 
points are indicated on gages located on 
the front panel. 

A degreasing tank, built into the 
console, provides a cleaning facility for 
the test shop. Low-pressure air can be 
bubbled through the degreasing fluid for 
cleaning purposes. Solvent fumes are 
vented through an outlet from the 
degreasing tank to the outside of the 
shelter. 

Field maintenance equipment for 
Hawk Missile Systems of the type de- 
scribed in this article have been in pro- 
duction at Kidde Electronics Laborato- 
ries since early 1960. The equipment is 
now operational and field usage has 
shown it to be highly reliable. 


+> 
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search, programed azimuth and elevation signals are 
compared in coincidence circuits with positional 
signals from the system’s search antenna. Coinci- 
dence causes syne pulses to be generated through 
gating circuits to a video generator where the time 
relationship is controlled by programed range. 
The video generator, in turn, feeds these delayed 
syne pulses as video signals into the display circuits 
of the radar, thereby activating the radar indicator. 
In acquisition mode, a miniature servo within the 
evaluator is used to repeat the turrent position as 
controlled by the gunner. Its output is compared 
with phantom target position and, when coincidence 
in both axes within the lock-on cone is achieved, the 
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Fig. 2. Cam programer. 


Fig. 1. Final adjustments are made to 
fire control operator evaluator before Air 
Force acceptance inspections. It weighs 
about 108 Ibs and occupies a space of over 
4cu ft (335/; by 167/s by 13 in). In the 
foreground is a fire control system evalu- 
ator, identical in size but weighing only 65 
Ibs. 


track radar locks onto the phantom target. Accu- 
rately controlled trigger and coincidence circuitry is 
necessary for this operation. 

In track mode, the same servo represents pro- 
gramed target position and drives the turret in a 
closed loop, thereby duplicating normal action of 
the track antenna in holding the target. If the 
gunner overcontrols the turret and loses lock-on, 
this is recorded as a gunner error. 


Unlimited Programing 


The programer used in this equipment consists of 


Fig. 3. Un- 
covered view of 
automatic aerial 
harmonization unit 
which weighs 13 
Ibs and measures 
1114/3 by in. 
The unit utilizes the 
trackshot technique 
upon which opera- 
tion of the system 
evaluator is based 
—measurement of 
the angular miss 
of the fire control 
system by detec- 
tion of projectiles 
they pass 
through a prede- 
termined range. 
The radar error signal developed from the radar echoes is used to 
offset a potentiometer mounted on the output shaft of an integrat- 
ing servo. The a.c. output of the potentiometer is fed as a bias to 
the track radar antenna servo, which offsets the antenna by the amount 
of the angular miss. This in effect changes the position of the guns.in 
space to cancel the miss angle. 


ie n-Flight Fire Control Evaluation (Continued from page 31) 
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a series of separable helical cams grouped on a 


common shaft to form a five-turn spiral. Complete 


target information of azimuth, elevation, range and 
correct action for single and multiple attacks is cut 
on the cam periphery. 


This type of programer is so designed that 
individual cams, when grouped together in the 
current magazine 7 in. long and 3'/, in. in diameter, 
form a continuous spiral cam surface of 31 ft in 
length (Fig. 4). Individual cams may be shuffled 
on any one shaft to provide an unlimited variety of 


presentations to the gunner. For example, cam 


magazines furnished with the present equipment 
allow for 80,000 different target attacks. Each 


Fig. 4. Assembly 
of function cam 
magazine reveals 
details of its con- 
struction. The pro- 
gramer's cams are 
so designed that 
individual cams, 
when grouped to- 
gether, form a con- 
tinuous spiral. 
Since the axial 
motion of the 
magazine is the 
same rate as the 

: cams, a single fol- 
lower sees’ a continuous cam periphery presented to it by a succession 
of cams. 


magazine is quickly disengaged for replacement by 
other cam magazines. In this manner, the cams 
can be grouped to present varying levels of target 


attack complexity to the gunner. 


Tested Evaluators Accepted 


The Air Force accepted the evaluators for opera- 
tional use only after extensive flight-testing in the 
operating environment. Although these particular 
units are tailored to a specific fire control system, 
application to another radar-controlled gunlaying 
system is merely a problem of converting inputs 
through an adapter unit. Potential applications of 
this evaluation equipment extend to any radar- 
controlled, gunlaying fire control system. The 
techniques are also applicable to shipboard and 
land-based heavy gun systems. It is entirely 
feasible to adopt the approach used in the operator 
evaluator to any system which employs an operator 
who is required to make a decision when monitoring 
his machine. Possible commercial applications exist 
in the fields of machine tool control, process control 


Wily BOOKS 


BALLISTIC MISSILE 
AND SPACE VEHICLE SYSTEMS 


By H. S. Seirert, Stanford Univ. and KENNETH Brown, 
Industrial Editor, John Wiley & Sons. Covers engineer- 
ing design principles of missiles and space vehicles 
resembling each other in everything but trajectories 
followed. Surveys the ballistic problem, including 
re-entry dynamics and support system planning. 
1961. Approx. 450 pages. Prob. $12.00 


THE PHYSICAL PRINCIPLES 
OF ASTRONAUTICS 


By Artuur I. Berman, R. P. I.-Hartford Graduate 
Center. A concise treatment of principles. Basic 
ideas of weightlessness, centrifugal force, etc. are 
developed for depth and relevance. Stress is on 
science rather than hardware. Includes examples and 
problems. 1961. 350 pages. $9.25 


THE CONSULTING ENGINEER 


By C. M. Sranuey, Stanley Engineering Co. Deals 
incisively with internal problems (organization, 
personnel, etc.) in the engineer's practice and with 
professional relations with his clients. 1961. 258 
pages. $5.95 


ELEMENTS OF FLIGHT PROPULSION 


By J. V. Foa, R. P. I. Basic concepts and general 
aspects of propulsion engineering are covered. De- 
signed as a guide for creative work, with existing 
engines used as illustrations of methods and ideas. 
Includes a treatment of nonsteady and steady-flow 
thrust generators. 1960. 445 pages. $12.50 


FRAME ANALYSIS 


By A. 8. Hatt and R. W. Woovueapn, both of Univ. of 
New South Wales. The first book of this type pub- 
lished in the U. S. Deals with simple and three-dimen- 
sional frames with curved members and members of 
varying cross section. Covers both flexibility and 
stiffness analysis. Theory is developed in a form 
suitable for use with digital computers. 1961. 247 
pages. $8.50 


CLASSICAL MECHANICS, Second Edition 


By H. C. Corsen, Thompson Ramo Wooldridge Inc., and 
Puiuip Stentz, Univ. of Pittsburgh. For physicists and 
engineers, a complete account of classical mechanics, 
from Newton's Laws to transformation theory of 
dynamics. 1961. 389 pages. $12.00 


DESIGN OF STEEL STRUCTURES 


By Boris Brester and T. Y. Lin, both of Univ. of 
California. Offers a rational approach to design, 
based on an understanding of the behavior of struc- 
tural members, connections, and frames. 1960. 710 
pages. $9.75 


Send now for your on-approval copies 


JOHN WILEY & SONS, Inc. 


440 Park Ave. South, New York 16, N.Y. 


and in the training of airport control tower personnel. 
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Likes Our Style 


@ May I please take this opportunity to congratu- 
late you and your staff on the excellent job that has 
been done in recent months to continually improve 
AEROSPACE ENGINEERING. Since becoming a mem- 
ber of the IAS in 1956, I have always enjoyed reading 
your monthly publication—and, in fact, have found 
it one of the most pleasant forms of technical reading 
available in the wide gamut of publications from 
which to choose. 

May I encourage you to maintain your individual 
and progressive style, and to continue to select 
quality articles that reflect interests in disciplines 
across the aerospace field. 


Anthony M. Smith, MIAS 
Missile and Space Vehicle Dept. 
General Electric Co. 
Philadelphia, Pa. 


Satellite Environment 


Handbook 


Edited by Francis S. Johnson. The available data 
describing the geophysical environment encountered 
by artificial earth satellites are here summarized in 
succint and comprehensive form. Data are pre- 
sented on the structure of the upper atmosphere 
and the ionosphere, penetrating-particle radiation, 
solar radiation, micrometeorites, radio noise, thermal 
radiation from the Earth, and geomagnetism. 


Ready. $5.50 


Proceedings of the 1961 
Heat Transfer and Fluid 


Mechanics Institute 


Edited by Raymond C. Binder, Robert L. Mannes, 
H. Y. Yang, and Melvin Epstein. These papers pre- 
sented at the 1961 meeting comprise the fourteenth 
in a yearly series of books. Tables, graphs, dia- 
grams, photographs, and references. June. $8.00 


Order from your bookstore, please 


STANFORD UNIVERSITY PRESS 


The IAS Library 


Publications treated in International Aerospace 
Abstracts are maintained by the Library for use by 
the IAS Membership. They are not for sale but are 
made available through the facilities of the Library, 


LENDING SERVICES: Institute members, both 
Individual and Corporate, may borrow periodicals, 
reports, and books for a period of 2 weeks, excluding 
time in transit. Excepted are certain reference 
books and those IAS publications that may be pur- 
chased. 


Puotocopy Services: The Library is equipped 
to provide, as a service, positive photocopies of cer- 
tain materials in its collections. Rates on request. 

For detailed information about these and other 
services, write to: 


John J. Glennon, Manager 
Technical Information Service 
Institute of the Aerospace Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


Operation Non-Routine 
(Continued from page 39) 


proves that we actually have greater loads than can 
be measured by present techniques. 


Conclusions 


It is every bit as important to achieve maintain- 
ability and reliability as it is to obtain the Mach 3 
performance. The economics of a Mach 3 airplane 
are based on the realization of three times the pro- 
If this 


objective is not realized, it probably will result in 


ductivity of the present subsonic machines. 


economic disaster for the airline and possibly for 
the specific airframe manufacturer. It is imperative 
that the next generation of air transports be de- 
signed with reliability and maintainability on equal 
basis with the speed performance requirements. 
Quick and effective handling of Operation Non- 
Routine must be achieved to assure success of the 
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Personnel 


This section is for the use of individual members of the Institute 


seeking new connections and eligible organizations offering em- 
ployment to specuilists in the aerospace industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Instructor—Assistant Professor—Teach- 
ing on the undergraduate level in the general 
field of aeronautics. Major emphasis in the 
areas of materials, aerodynamics (with orien- 
tation toward performance), basic stress 
analysis, and advanced drafting. This is a 
challenging position with an opportunity 
to develop courses and laboratories as part of 
an aeronautics building currently under con- 
struction. Education: B.S. in aeronautics 
or related field of engineering; advanced de- 
grees desirable. Experience: field experience 
in a responsible position in the aircraft in- 
dustry related to systems and structures 
engineering. Background in air transporta- 
tion, aircraft manufacturing, or military will 
be carefully weighed. Teaching experience 
desirable but not essential. Appointment to 
be effective September 1, 1961. Submit 
résumé to Prof. T. E. Leonard, Chairman, 
Aeronautics Dept., San Jose State College, 
San Jose 14, Calif. 

Aeronautical Engineers—With good back- 
ground in propellers. Federal Aviation 
Agency requires two aeronautical engineers— 
one at GS-13, $10,635 per annum; the other 
at GS-12, $8,955 per annum; both stationed 
in Jamaica, N.Y. Duties are determining 
compliance with airworthiness standards and 
civil air regulations for the type design of all 
propeller models in a designated work area; 
determining appropriate testing and inspec- 
tion necessary to show compliance with cur- 
tent standards; reviewing all engineering 
order and design changes proposed by manu- 
facturers and recommending approval when 
such changes are deemed satisfactory. The 
tequirements for the positions are a degree 
in aeronautical or mechanical engineering or 
the equivalent in education and/or experi- 
ence, plus 3 years of progressively responsible 
aeronautical engineering experience. Apply 
to Placement Branch, Federal Aviation 
Agency, Region 1, Federal Building, New 
York International Airport, Jamaica, N.Y. 

Propulsion Systems Preliminary Anal- 
ysis—Specialist in missile propulsion §sys- 
tems with knowledge of motor cases, 
nozzles, cryogenics, and heat exchangers. 
Capable of generating new proposals for 
hardware systems. Degree plus minimum 
of 6 years’ experience. Hardware Systems 
Preliminary Designer—To perform pre- 
liminary design studies on advanced pro- 
Posals; also systems analysis on airframe 
and missile structures, pressure vessels, 
thrust generation and control systems, and 
other sophisticated components. mini- 
mum of 6 years’ related experience with 
emphasis on conceptual analysis of propul- 
sion systems. B.S.M.E., M.S. preferred. 
Missile Propulsion Specialist—Applying ad- 
vanced propulsion concepts, this engineer 
will prepare systems analyses and trade-off 
studies on new concepts in missile propulsion 
design. He will prepare technical proposals 
on rocket engine hardware problems in- 
cluding solid propellant nozzle design and 


motor insulation. A minimum of 6 years’ 
related experience required, plus M.S.M.E. 
Write fully to R. J. Theibert, Employment 
Manager, Tapco Group, Thompson Ramo 
Wooldridge, Inc., 23555 Euclid Ave., 
Cleveland 17, Ohio. 


Professors—The Aerospace Engineering 
Department, Virginia Polytechnic Institute, 
Blacksburg, Va., has permanent senior 
staff openings for qualified persons. Appli- 
cant should have doctorate in aeronautical en- 
gineering, engineering mechanics, or mechan- 
ical engineering. Instructional duties will 
be in advanced areas of aircraft and missile 
design and structures, gasdynamics, magneto- 
aerodynamics, and space technology. Level 
of instruction will be in the Master’s and 
doctorate programs. Opportunities for part- 
time research are available. Salary and 
rank depend upon qualifications of the in- 
dividual. Other staff openings are available 
in the advanced undergraduate or graduate 
program in Aerospace Engineering. Address 
inquiries, with résumé and photograph, to 
Head, Aerospace Engineering Department, 
Virginia Polytechnic Institute, Blacksburg, 
Va. 


116. Professor of Aerospace Engineering 
—tTo teach graduate and senior level courses 
in aerodynamics and gasdynamics area at 
state university. Liberal consulting and 
research policies. Desire Ph.D. or man with 
substantial experience and research record. 
Salary and rank commensurate with educa- 
tional background and experience. Ap- 
pointment, September 1, 1961. Furnish 
résumé with reply. 


Available 


121. Engineering Manager—Broad back- 
ground in aeronautical research, mechanical 
and structural design, and project super- 
vision. Extensive experience in administra- 
tion, planning, and technical supervision as 
chief of research and chief engineer. Heavy 
responsibility for sophisticated programs of 
research and development. Age 41. Mem- 
ber IAS and ASME; Registered P.E.; 
B.S.M.E. Interested in position as de- 
partment head, chief engineer, project 
manager, or staff engineer. 

120. Maintenance Engineer—Age 40, 
B.S. in aviation maintenance engineering, 
Licensed Pilot, and AXE mechanic. Eleven 
years’ experience on aircraft, missiles, weapon 


The number preceding the notice 
represents the Box Number of the 
Institute of the Aerospace Sciences to 


which inquiries should be addressed. 


June 1961 


systems, and drones. Extensive background 
in maintainability requirements, technical 
training, reliability and logistics functions 
at systems level. Desires challenging posi- 
tion involving maintainability or logistics 
requirements. Résumé on request. 

119. Pilot—Airline Transport Rating. 
Currently in single- and multiengine jet 
and reciprocating-powered aircraft. M.S. 
degree in aeronautics from CalTech. Ex- 
perience in engineering test, civil certifica- 
tion, and airline operations. Presently 
Chief Pilot for major defense contractor. 
Interested in challenging position in U.S. 
or Europe. 


118. Publications Supervisor—B.S. in 
M.E. Experience includes 8 years’ writ- 
ing and 6 years’ supervision of publica- 
tions engineers. Can organize and operate 
a complete publications department to write 
and produce reports, handbooks, parts 
documentation, data sheets, brochures, 
and films. Full details on request. 


117. Aircraft Maintenance Specialist— 
Young man with 17 years’ experience in 
aircraft maintenance, quality control, opera- 
tions, and 5,000 flying hours as flight engi- 
neer on Constellation and Britannia air- 
craft in overseas airline operation. Ex- 
tensive administrative experience and ability. 
Interested in field service representation, 
quality control, flight engineering and test, 
or similar position. 35 yearsofage. Résumé 
on request. 

115. British Aeronautical Engineer—Age 
34, served comprehensive indentured ap- 
prenticeship in aircraft engineering: 15 
years’ aircraft structural design experience 
including airliner project work and 4 years’ 
as chief designer, Anglo-U.S. aircraft com- 
ponent firm. MIAS; ARAeS; AMIED; 
AMSE (Mech). Offer services to U.S. 
aircraft or component manufacturers as 
U.K. and/or European representative. De- 
tailed résumé on request. 

114. Consulting Engineer—B.S., Sc.D., 
age 37, AFIAS. Available as private con- 
sultant to organization in aerospace engineer- 
ing fields. Holds rank of full Professor in 
well-recognized university. 

113. Missile Manager—B.S.M.E.; 30 
years’ aircraft experience, last 14 in missiles. 
Good background in several disciplines. 
Nominated for Who's Who in Engineering, 
American Men of Science, and Who's Who in 
America. High-ranking Naval Reserve 
officer. Long experience in preliminary de- 
sign, development, production, flight testing, 
management, and marketing. Can help 
nonmissile-oriented company make transi- 
tion. Department head or equivalent salary 
level. 

112. Administrative Engineer—M.S. in 
Ae.E., M.I.T.; 25 years’ experience in 
military aviation and aviation industry. 
Technical management fields of experience 
include aircraft, missiles, and atomic weap- 
ons. No geographic restrictions. Detailed 
résumé forwarded upon request. 
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A word 
about 

our 
Advertisers 


The many companies whose 
advertising appears in this issue 
are interested in you and your 
work. They are anxious to let 
you know what they are doing 
to help you solve research and 
design 


problems in missile, 


rocket, air, and spacecraft 


projects. 


AEROSPACE ENGINEERING’s ad- 
vertising pages keep you posted 
on new and improved materials, 
components, services, and sup- 
plies useful to your professional 
work. 

To request information 
on any product or service ad- 
vertised, may we suggest you 
write to the adverliser directly, 
at no obligation to you. It 
would be greatly appreciated if 
you would mention that you 
AEROSPACE 


saw the ad in 


ENGINEERING. 


ALHUSPACE 


ENGINEERING 


Established 1934 
2 E. 64th St., New York 21,N. Y. 
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EASTERN AVIATION PRODUCTS contribute to the 
great national missile effort by helping to raise the 
standards of performance and reliability in miniature 
high-speed hydraulic power subsystems and in equip- 
ment to protect avionic systems from temperature, 
pressure, moisture, dust. Representing a small part in 
an immeasurable whole, Eastern Aviation Products 
blanket these areas in aircraft, missile and spacecraft 
technology: HYDRAULIC POWER « ELECTRO-HY- 
DRAULIC SERVO SYSTEMS «+ ELECTRONIC COOL- 


EASTERN INDUSTRIES 


100 SKIFF STREET, HAMDEN 14, CONN. 
West Coast Branch Office: 4203 Spencer St., Torrance, Calif. 


Left-to-right: Agena B (booster stage for satellites), Thor AbleStar Vehicle, Saturn, Scout, Saturn Engines, Centaur and Project Mercury 


ING * REFRIGERATION-TYPE COOLING « PRES- 
SURIZATION AND DEHYDRATION 


In each field Eastern offers the designer a choice of 
creatively engineered custom components — or mass- 
produced units teamed into the precise configuration 
needed. 


In each field, Eastern welcomes the challenge of ad- 
vanced requirements in design and manufacturing 
responsibility. 
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Missiles: (top) Thor,Atlas and Titan ( 


High pressure hydraulic pump adapted 
to provide power for airborne hydraulic 
servo system. 


© 1959, by Remsen Advertising Agency, Inc. 


m) Snark 


©Copyright January, 1961, by Remsen Advertising Agen 


EASTERN HYDRAULIC PUMPS for the next generation of aircraft, missiles 
and spacecraft — are uniquely suited to the exacting operating requirements 
demanded in the craft of tomorrow: 

Check these Eastern gear pump features —do they suggest a solution to 
your present design problem? 

Small size: Eastern gear pumps are the smallest, lightest made. Airborne 
servo system pump shown delivers 1.5 gpm @ 1500 psig — measures only 
1%" x 1%” x 2%”, weighs 9 oz. 

Wide performance range: pumps available have theoretical displacement 
from .0016 to 1.300 cu. in. per revolution — flow from .025 to 9.6 gpm, 
pressures from 0 to 2000 psig, at speeds to 24,000 rpm. Weights with motor 
range from 1.5 to 8.5 Ibs. 

Unaffected by extreme environments: rugged, reliable Eastern units take 
loads to 50g in stride — shrug off temperature differentials to meet MIL 
specs. 

Flexibility, economy: mass-produced components can be teamed into the 
precise configuration you need. Creatively engineered custom pumps also 
available. Check the choices by writing for NEW BULLETIN 370 AEC. 
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aft: (top to bottom) B-47, KC-135 (tanker), B-58, B-52G firing Hound Dog 


This pump provides necessary hydraulic 
power to the fuel control system 
during starting of an accessory turbine. 


An integral part of an APU system 
this unit provides hydraulic power 
to a missile. 


Under extreme temperature and pressure 
‘onditions, this pump powers oil well 
Wrveying equipment deep within a well. 
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Missiles: Left to Right, Little John, Hawk, LaCrosse, Nike Zeus 


EASTERN SERVO SYSTEMS include servo valves, amplifiers, fuel controls 
and actuators — provide brain and brawn in many advanced missile systems. 
Typical assignment: design and develop a missile elevon control servo with 
a single hydraulic power supply and three actuators. Weight and space con- 
siderations critical. 

Solution: a system designed and built around the Eastern E/HS 5 type 100A 
hydraulic power supply, using a 400-cycle motor. Minus motor, but includ- 
ing pump, reservoir, expansion chamber, pressure regulating valve and filter, 
the supply weighs only 2.6 lbs. 

Eastern achieved a 20% saving in hydraulic power supply capacity by the 
use of one of its own pulse length modulated single-stage servo valves, man- 
ifolded to each actuator. Zero first stage leakage, zero hysteresis, plus the 
high response and efficiency which characterize this valve contributed to the 
successful meeting of the demanding requirements. 


For full information on Eastern servo capabilities, write for ELECTRO- 
HYDRAULICS BULLETIN AEC and for genuine contributions to the 
solution of your servo problems, call in the Eastern engineer. 
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(Foreground, left-to-right): Pershing, Sergeant, Honest John, Nike-Ajax (before and after firing). (Background): Redstone, Nike Hercules (in flight), Corporal 


Electrohydraulic servo system for magnetron tuning. 
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AND 


1. Cobra 3. Davy Crockett* 
2. SS 11 4. Redeye 


Tactical surface-to-surtace missiles: 


5. LittleJohn 8. Sergeant 
6. LaCrosse 9. Honest John 
7. Mace 10. Pershing 


Air-to-surface missiles: 


11. Hound Dog 13. Skybolt* 
12. Quail 14. Bullpup 


Ground-to-air missiles: 


15. Terrier 19. Mauler 
16. Nike-Hercules 20. Talos 

17. Tartar 21. Bomarc 
18. Hawk 22. Nike Zeus 


Air-to-air missiles: 


23. Genie 25. Three Falcons 
24. Sidewinder 26. Eagle* 


27. Sparrow III 


Undersea missiles: 


28. Astor 29. SUBROC 30. ASROC 


Strategic surface-to-surtace missiles: 


31. Atlas 33. Thor 
32. Titan II* 34. Polaris 
35. Minuteman 


Spacecratt boosters: 


36. Agena B 39. Thor AbleStar 

37. Centaur 40. Thor Able 
(second stage) 41. Scout 

38. Atlas/Mercury 42. Saturn 


x (artist’s impression) 


EASTERN RESEARCH and DEVELOPMENT -- A continuing 
program of research has made it possible to develop units to 
solve the new problems incurred with the expanding perform- 
ance requirements of the new missiles and spacecraft. We are 
continually extending the uses of the latest Eastern units in 
electronic tube cooling, pressurizing electronic equipment, 
pumping fuels and hydraulic fluids, supplying hydraulic power 
and electro-hydraulic servo systems. 

Our facilities are extensive for this specialized work. Research 


and testing laboratories, model shops, and three manufacturing 
plants provide the specialized equipment and manpower to turn 
out fully qualified units to meet appropriate government speci- 
fications. 


We solicit direct inquiries. From our extensive line of existing 
units, adaptations of these units, or completely new designs, we 
can assure every possibility of providing equipment to handle 
your project satisfactorily. 


One or more of these brochures contain technical information 


HYDRAULIC PUMPS This new catalog is an invaluabl 
directory to no less than 129 pump-and-electric-motor-comiij 
nations — any and all available off-the-shelf! 
Searching for gear pumps with top volumetric efficiencies? D0 
your performance requirements fall into one of these 
major groups? 


* Eastern 1200 series — up to 1.6 gpm — pressures to 800 psi f™ 
¢ Eastern 100 series — up to 5 gpm — pressures up to 1500 psf" 
Eastern 700 series —up to 9.8 gpm — pressures up to 15008 


If one or more of these performance ranges measures UP "Miho 
what you need, save hours of searching your way through tip. 
gear pump maze — send for catalog 810 now! ery 
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formation Kimment. Send for them now. 


invaluali, If you need centrifugal pumps 
1otor-combi— acteristics, this reference book is for you: ° 
021 psi in single stage pumps; to 70 psi in multi- 
ciencies? Di FLOWS: capacities to 70 gpm in single-stage 
these for multi-stage models. MOTORS: standard 
{230 volts 60 cycles 1 phase (other electrical 
to 800 psi wwailable ). Power range from % to 1% H.P. ° 
to 1500 pie drip-proof, totally enclosed, and explosion- 
» to 1500 pipes frames. * DRIVES: space-saving close cou- 
list rugged and popular. Pedestal mounted ar- 
asures UP "Ehout motor available as alternate for belt or 
through “B+ SRALS: a variety of rotary seals and stuffing 
tty application. © METALS: your option of cast 


iron, bronze, stainless steel, Monel, Cast Iron, Hastelloy “C”. « 
INSTALLATIONS: a wide range of transfer, recirculation, 
feed, boost and filter-pumping applications. All told, 50 differ- 
ent models are described in full—and you get a wealth of 
technical data as well. Write for new catalog 130 now! 


QUICK-DISCONNECT COUPLINGS are on review here 
— both in off-the-shelf and custom-designed units — and the 
best in both. Eastern miniature quick disconnects for electronic 
tube cooling, and other critical pressure drop situations are the 
smallest units available for both high and low pressure systems. 
Complete specifications, tables, diagrams — yours to keep for 
quick reference in the brand-new Eastern catalog 910. 


e, stainless steel, Monel, Cast Iron, Hastelloy “C 
TIONS: a wide range of transfer, recirculat 
and filter-pumping applications. All told, 50 dif 
are described in full—and you get a wealth 
ata as well. Write for new catalog 130 now! 
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EASTERN INDUSTRIES 


100 SKIFF STREET, HAMDEN 14, CONN. 
West Coast Branch Office: 4203 Spencer St., Torrance, C 
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Missiles: Bomarc (close up) and Genie (above) and Falcon (below) 


This unit cools aircraft electronics — 
operates to 60,000 feet. 


Shipboard cooling system 
capacity of 12,500 watts. 


1 —55 to 
10,000 ft. 
s has en- 
/ compact 
ame time, 
equipment 
sile-proved 
ration. 
-ost-saving 
Write for 


Compact missile cooling system. 
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| watts. 


EASTERN ELECTRONIC COOLING PACKS for elec- 
tronic subsystems extend operating ranges to altitudes 
where air cooling becomes ineffective. ‘Black box’ 
designs can be more compact — reliable even at five 
times the speed of sound. 

These liquid cooling systems are completely self-con- 
tained — provide such components as pumps, heat 
exchangers, air impellers, reservoir, coolant flow and 
temperature interlocks and similar parts. 

Cooling capacities of existing systems range from 
250 to 25,000 watts dissipation rates. Eastern cool- 


Right Top: Mauler, Below: T-55 (Chemical Launcher), Foreground: SS-11 (anti-tank), On Jeep: Davy Crockett Launcher 


ing packs take ambient temperatures from —55 to 
+71°C in stride, and perform to altitudes of 70,000 ft. 


Extensive experience in missile applications has en- 
abled Eastern to develop systems unusually compact 
and light as well as highly reliable. At the same time, 
Eastern is able to provide at minimum cost equipment 
engineered to a specific need by using missile-proved 
components designed to your system configuration. 
Turn to Eastern for space-, weight-, and cost-saving 
solutions to your hottest cooling problem. Write for 
NEW BULLETIN 370 AEC. 
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Bomarc (close up) 


les 


unit cools aircraft electron 


operates to 60,000 feet. 


This 


A dual cooling system with two complete 
flow paths. 


Flexible hydraulic coolant pack. 


: (top) F-104 with Sidewinder, F-106 (below), F-102. - 
> 
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Missiles: Polaris, Tartar 
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Airborne liquid 
cooling system 


Aircroft pack weighs 
only 45 Ibs. 


air supply designed as 
an integral part of an aircraft elec- 
tronic check-out assembly. 
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Missiles: (top) Subroc, Asroc (left), Talos (foreground) 


EASTERN REFRIGERATED COOLING UNITS offer 
temperature control within close limits to protect sensi- 
tive aircraft and missile components and systems while 
ambient temperatures fluctuate widely. Eastern refrig- 
eration-type cooling systems are ideal for such con- 
ditions. 


Designed for the strictest military requirements, these 
vapor-cycle closed-system packages are built around 
a highly efficient compressor powered by a special 
400-cycle motor. Unique condensing and special cool- 


ing methods are called upon to meet the most unusual 
operating requirements, the most demanding speci- 
fications. 

Capacities range from 100 to 6000 watts; operating 
altitudes extend to 100,000 feet. Some units, of the 
“boil-off” type, perform almost without regard for ex- 
tremes in altitude and temperature. 

Call on Eastern for imaginative solutions to refrigera- 
tion cooling problems .. . and write for NEW BUL- 
LETIN 370 AEC. 
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Missiles: (top left) Redeye, oe right) Nike Zeus, (lower left) Skybolt, (lower right) Titan II. 


EASTERN DEHYDRATION & PRESSURIZATION SETS 
are made to the measure of the advanced avionic sys- 
tems of tomorrow. Whenever a precisely controlled 
flow of dry, pressurized air is required, Eastern design 


and production experience team up to create com- HE: 
pact, lightweight, reliable subsystems. 
Characteristics and performance range of existing Py | 
units: pone 
© capacities: up to 3.0FT3/Min. free air tacts 
© operating temperatures: from -67°F to gask 
+165°F 
© operating altitudes: from sea level We 
to 50,000 ft Dehydration pack avi 
© weights: as low as 4 Ibs. for Nike Hercules radar f 


wave guide. 
Smaller packs feature replaceable chemical dehydrator 
elements — the larger subsystems are available with 
automatic reactivating dehydrators. 


Let us quote on your next pressurization/dehydration Pressurization unit ee apereeeee 
requirement. In the meantime, write for full informa- Rianne. 
tion on the entire line of Eastern aviation products. 


Send for NEW BULLETIN 370 AEC. PRINTED IN U. 5: 
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WITH SUCH OUTSTANDING ADVANTAGES AS: 


FIVE INTEGRAL KEYS AND KEYWAYS 
that provide for positive polarization and 
positive mating—even in blind locations. No 
possible contact damage. QWLD connectors 
can be fully mated and unmated by hand. 


HEAVY-DUTY CONSTRUCTION through use of 
‘extra-heavy machined or forged aluminum shell com- 
ponents, resilient inserts, silver-plated copper alloy con- 
tacts, and rugged cable accessories with new superior 
gasket design. 


aving standard solder or solderless contacts and the 
1 


, Es NEW SERIES AVAILABLE with the QWLD 


SIDNEY, NEW YORK 


+ 


IN U. S.A 


Scintilla Division 


QWLG having provisions for grounding one contact to 
the shell. 


PLUS . .. IMPROVED WATERPROOFING * CLOSED ENTRY 
SOCKET CONTACTS * SELF-EJECTING COUPLING ACTION * 
DESIGNED TO MEET MILITARY SPECIFICATIONS * WIDEST 
RANGE OF CABLE ACCESSORIES. 


QWLD is the latest development in Scintilla’s long line 
of multiple conductor cable connectors—and is specially 
designed to meet the rugged environmental conditions 
of missile launching equipment, ground radar, or power 
and control circuits—and heavy-duty industrial applica- 
tions such as are found in oil fields or mining. Be sure 
to investigate the new QWLD HUS-KEY* Connectors 
from Scintilla. 
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...and for TITAN II, too... (see front cover) 


This kind of experience has built Parsons’ reputation 
for total capability, single source of responsibility. 


THE RALPH M. PARSONS COMPANY 


ENGINEERS » CONSTRUCTORS 
LOS ANGELES / NEW YORK 


LONDON 
PARIS 
WASHINGTON 


OFFICES IN 
OTHER 
PRINCIPAL CITIES 
THROUGHOUT 
THE WORLD 


WORLD WIDE SERVICES: APPRAISALS AND ECONOMIC STUDIES « ARCHITECT-ENGINEERING * CONSTRUCTION « ELECTRONIC SYSTEMS AND COMPONENTS « MINING AND METALLUR 
ENGINEERING ¢ PERSONNEL TRAINING « PETROLEUM-CHEMICAL ENGINEERING « PETROLEUM PRODUCTION SYSTEMS « PLANT OPERATION « POWER PLANT E NGINEB 
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